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Preface 


Contr valves ae an increasingly vial component of modern manufacturing around 
‘the word, Propel selected and maintained control aives increase efcency 
“fey, profablity, and ecology 


‘Te Control Vahe Handbook has been a primary relerencesincelts fst pintingin 
1965. Tis fith edton presente tal iformation on contolvahe performance and 
theltesttechnologes. 


‘Chapter offer an introduction ta contol vals, including defntons for common, 
‘controlvaveandinstrumentaton terminology 


‘Chapter 2 develops the vital topic of control valve performance 
‘Chapter 3.coversvave and actuator types. 


‘Chapter describes digital valve controls, analog pstioners, boosters, andother 
contolvahe acessories. 


‘Chapter isa comprehensive guide to selecting the bestcontravaheforan 
pptcation 


‘Chapter aéressesthe selection and use of special and severe service contol 
‘aber 


‘Chapter 7 explains desupereaters steam conditioning ales, and turbine bypass 
systems 


‘Chapter deta typical control alveinstalation and maintenance procedures. 


‘Chapter contain information on control yale standards and approval agencies 
crows the wor 


‘Chapter 10 denies isolation valves and actuator 
(Chapter 11 covers sustainability. 

(Chapter 12 dlscusss varius process safety instrumented systems. 
Chapter 13 provides useful tables of engineering reference dita, 
‘Chapter 14 includes piping reference data 

‘Chapter 15s handy resource for common conversions. 


‘Te Control ae Handbook both textbook and areference onthe strongest nk 
{nthe contol oop:the contol valve andi accessories. Ths book indudes extensive 
and proven knowledge rom leading experts in the process controll, induding 
‘ontrbutions rom the A, 
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Chapter 1 


Introduction to Control Valves 


1.1 What isa Control Valve? 


Modern processing plants utile avast 
‘setwerkof control loops to produce an 
fend product for marke. These contol 
Ibopsare designed ta keep a process 
‘arable (Le. pressure, fo evel 
temperature, etc} within arequled 
‘operating ange to ensuea qual end 
Product produced. ach ofthese oops 
‘eceivesandinteraly creates 
‘dsturbances that detrimentally aect, 
‘the process variable (PV). Interaction 
Fromatherloopsin the netwask abo 
provide disturbances that iluance the 
braces varabie See Figure.) 


el 


P= 4 + 


Toreduce the ffectof these oad 
deturbances, sensors and ranemiters 
‘lect information about the process 
‘arable (PY) and ts relationship to some 
esr set point. controler processes 
this information and decides what must, 
‘be done ta get the process variable back 
towherele should be after oad 
ddsturbance occurs Whenallthe 
‘measuring. comparing, and caleuating 
redone sometype af nal contro 
‘lement must implementthe strategy 
Selected bythe controle. 

‘Thermos common nal contol element 
Inthe proces controindustres isthe 
‘controll, The cantolvahe 
‘manipulates a owing Mud such as gs, 
‘feum, water orchemicl compounds to 
‘compensate forthe load dsturbance and 
‘eepthe equated process variable as 
dose spose tothe dested setpoint 


‘The contolvale sacral part ofthe 
controloop. Many people who tak 
Sout contovalves ae real refering 
twacontrolvahe asembiy The contol 
vale assembly typlealy consists ofthe 
‘alve body, the itera rim parts 20 
$cuatorto provide the motive power to 
‘operate the vale anda varity of 
albonal valve accessories, whch an 
ince transducers, supply pressure 
regulators, manual opertos, stubbes, 
‘orlimi switches. 


There are two main types of enna 
vale designs, depending an the action 
bfthe closure member: siding stem or 
rotary. Shing stem valves, as Seen in 
Fgure12and 13. selinear mation 
‘move clesure member into and out ot 
23 seating surface Rotary vas, seen 
inFgure 113and 1.17,use rotational 
rmoton totum aclosure member nto 
andooutata seating surface.» 


1.2Sliding-Stem Control 
Valve Terminology 


Thefalloning terminology applies tothe 
physical and operating characterises of 
Standard sling stom contl ves 
ith daphragm or ston actuators 
Some ofthe terms, articular those 
pertaining toactustrs areaso 
Spproprite or oar contol valves 
Many ofthe defatons presented aein 
accordance with ANSI/ISA-7505.01. 
Cntr! Valve Terminology, though 
lathe popularterms are als included. 
‘dona explanation ie provided for 
Same ofthe more complex terms 
Addonal sections inthis ehoper follow 
that deine speci terminology or 
rotary contolvaves, general process 
onto and contol valve funetions and 
‘harsctenates, 


‘Actuator Stem Force: The net force 


freman actuator that avalable for 
cual postloning ofthe vale plug, 
Teferedtoasvahe tava 
Angle Valve: vas design inwhich the 
Ink and outlet ports are perpendlclar 
toeachother Seeslea Gabe Vabe 


‘ip ng sono 


— eo 


Bellows Seat Bonnet: A bonne that 
tree a bellwstorsealing against 
leakage aroundthe dosure member 
stom. See igure 15. 


Bonnet: The parton ofthe vate that 
contains the packing box and str seal 
and.can provide quding forthe vale 
Stem itprovides the pincpa pening 
tothebody cavity forassemblyof 
Internal parts or tcan bean integral pat 
atthe vale body. tcan ao provide for 
the attachment of he actuator tothe 
sees noe ‘ale body Typical bonnets are bated 
threaded welded, pressure sealed, or 
‘Actuator Spring: Aspring, or group of ngage ith he body Ts terms often 
springs, enciosedintheyoke aracuator sed meting tothe bonnet ade 
singorpstoncyinderthat movesthe | Pelee Sane manne 
Scustorstemmnadiecionopposteto fee pacing parts Moe Propel 


: 


‘that created by loading pressure ee ee 
‘Actuator Stem: The patthatonn€ctS— gonnet Assembly Commun Bonne, 
theactustortathevatestemand Bonnet Assembly Common tr 
transmits mation ores} fromthe cea inludngthe prt through 
actutorto the ave. tehicha valvestem moves and ameans 


‘Actuator Stem Extension: Anestension forseaing agaist lskage slong the 
ffthe pst actuator stem ta provide. stom. Itusualy prowdes areas for 
‘neane of transmitting piston mation mounting the actustor and leading the 
the valve postione. Packing assembly. and mantis proper 


allgoment ofthe plugta the restofthe _suroundsthe closure member and can 
‘ontolvave assembly SeeFigure 6. proud law characterization andjor a 
CTT Semin surac.ealsa provides stably, 
‘guiding, balance and algnment, and 
Feetates assembly of other parts ofthe 
valve tim, The walls ofthe cage contain 
‘openings that ually determine the 
flow characters ofthe contol valve 
Seefigure 17. 
Closure Member: The movable arto 
the vahethatis postlonedin the Tow 
path t modulate therate al fow 
rough the valve. 
Closure Member Gulde: hot portion ot 
S closure member that alan te 
—_—_*___frojementinethera cage seating 
‘ae Lact (port guiding), bonnet, bottom Tange, 
stem rany too these, 
Glnder: The chamber pston 
ctuatorinwhich the piston moves 
{Cylinder Closure Sea: The sealing 
‘lement atthe connection athe 
pton actuator cylinder to the yoke 


Diaphragm: lesbo, pressure 
responsive element that ransmits 


force to the diaphragm plate and 
Fae emery Diaphragm Actuator Afuié-powered 

device in which the ud usualy 
Bottom Flange:Aparthstdosesa Compressed lene Loading Pressure), 
‘ae body opening opposite the bonnet 


Sets upon aflexible component, the 
‘pening eaninciudeagude busting giaphragm to produce force to move 
Sndjorserveta allow teetsalofthe  Gybyagm ro predhe 


pri 
Dlaphrgm ae ous 
Bushing: Ade that supors andlor Cattngetiop an boon 
Gua ongputasurivabetams Scns 
Sauce ‘inn and eng one or 
ageApetathewhesimhat —tmopresurechnber, 


im = 


Diaphragm Plate: Arild plate 
‘oneentnicwith the apbragm fo 
‘Wansmting farce tothe actuator stom, 
DirectActing Actuator: An actuator, 
inhi the actuator stem extends 
lth increasing loading pressure. See 
Foure 12 

‘Extension Bonnet: bonnet wth 
‘ateater dimension between the 
acklog box and oanet Range for hot 
‘rcold serie, 


‘lobe Valve: valve with lineae 
‘mation clsure member, ane or more 
ports, and abody dstingushed bya 
‘lobular shaped eavty around the port 
Feglon. Globe vales can be further 
Classied as: two-way sinle-ported 
(Flour 1.3); two-way double-portd 
anglesyle, or thee-nay (Figure 1.8) 


Loading Pressure: Fi, usualy 
compressed appledto the dapvagm 
br pstonnapeumaticactustor, 

Offset Valve: A valve construction 
havinginlet and outlet ne connections 
‘neerent planes, but 180 degrees 
‘oppose eachother. 

Packing Box (Assembly): The partot 
the bonnet assembly used to sea 
gains leakage around the closure 
‘member stem, Included inthe complete 
packing box assembly ae various 
Eombinations of ome oral the 
following component pars packing 


packing folowes, packing nut antec 
‘ng packing spring. packing Mange. 
pacing fange studs orbols,packng 
‘ange nuts, packing ing, packing wiper 
‘ing et wipertng allele springs 
ant-zstason ing. See Figure 1.11 


Piston: A gid movable pressure 
‘responsive clement tht tranemits force 
tothe piston actuator stam. 


se ohare er 


Plston-Type Actuator: A ful powered 
‘evie nich the fad sual 
‘compressa al, ats upon movable 
‘ston to provide mation ofthe actuator 
‘tem and provide seating force upon 
<cosurePstontype actuators are 


lasfied 3 ther double-actng, sa that 
fullpawercanbe devlopedin ether 
tdeeetion, ora srng-fal sa that upon 
loss of supply power, the actuator moves 
the vaveinthe required deection of 
travel See Figure 110. 

Port The flow control once of 
contol valve. 


Retaining Ring: Aspiring thet isusedto 
retana separable Mange ona vabe body 
Reverse-Actng Actuator: An actuator 
Inwhichihe atuatorstem retract with 
Increasingloading pressure Reverse 
Beuatorshave ae bushing staled in 
the upper end ofthe yoketo prevent 
leakage of the loading pressure long 
the actuatorstem. See Figure 1.12, 


Rubber Boot Aprotectivedevce to 
prevent entrance of damaging frlgn 
Faterlint the piston actuator 

‘tal bushing, 


‘Seal Bushing: Top and botiom bushings 
that provdeameans of sealing the 
piston actuator eyinder against leakage. 
Synthetic rubber O-ings are used ithe 
bushings to sealthe ender, the actu 
stem, and the actuator tem exenslon, 
Seat The area of contact betwen the 
‘onure member and mating surace 
thatestablshes valve shut 

Seat Load: The net contactforce 
ibetween the closure member andseat 
with stated stati conditions In pactie, 


theselecton ofanactuterforaqven __andstemviththe uldatrestandwith 
Controlvalewilbebasedanhow much sated presurecondtione 

{ores istequed toovercomestatC. Seam Connector The device that 
sem, anddmameunbaancevihan Street attr sem othe 
sllowancemade'oradequateseatload. {ne"tern 

Seat Ring A pat ofthe valvebody 
assembly that provides a seating suface 
forthe osu memberand can provid? fd agabe vate body, wi would 
parted te Beacon ori typi Include closure member, eat 
‘Separable Flange: A flnge that ts aver rng cage, stem, and stem pn, 


valve body fw connection. es 
Tim, SoftSeated: Vale trim with an 
‘generally held in place by means af clastameric, plastic, rather ready 


"Wim The interna components of asahe 
that modulate the ow ofthe controled 


‘etaning ring, ‘eformable mater sed ether inthe 
Spring Adjuster: Afiting, usualy osurecampanento seating to 
theadedonthe actuatorstemorinto provide tight shutoff with minimal 
theyoke, taadjstthe spring Setuator forces. 


ompression see bench stn Control 
Va Functions and characteristics Lee ea re la 
we roe Bosna teva spo 

Pipe connecting ends the ld How 
Spring Seat:Aplatetoodthe sexing passage, and supports the seating 
Ipostionandto provides fat surface Surfaces andthe vale dosure member 
forthe spring adusterto contac ‘Ameang the most common vale body 
‘atc UnbalanceThenetfrce produced eMUCtIoNS are! singleported abe 


ethene he a 


Valve Body: The main pressure 


two ports andonevale plug two-vay Valve Terminology, although other 
‘ale bodes having twofiow popular terms are iso included, Terms 
‘onections oneinit and ne outlet: pertaining to actuators are also 
tvee-wayvalvebodeshaving thee low —Spproprate far cory contol ves 
‘connections. twaofwhichcanbelnite Adtonal explanation povided or 
lthone outlet for converging or ming _ some ofthe more comple terms. 
ows} or oneinetandtwo outlets (er Addtuonal sections inthis chapter follow 
verging or diverting ows) Theterm that define spec terminology or 
“vaWe body orevenjust"bodys general proces contro and contol 
Frequent usedinrefringtothevalve valve functions and characteristics 
body together with is boone assembly 

and included tim parts. More prope. 

this group of camponents shouldbe 

‘alld the valve body seem. 


Valve Body Assembly (Coney Ve 
‘dy o Va, mare prope Vlad 
Assembh:An assembly ofa valve body, 
‘bonnet assembly bottom Range 
150), and tim elements. The wim 
includes the closure member hich 
‘pens, loses, or partially obstructs one 


‘rma pots. : 
Valve Plug (Plug): Aterm frequently "*}2888Y Cnr 
tzedtoreferencethevalvecosire—_actyatorLever:Arm attached to rtary 
‘memberina siding tem va (alveshatto convertinear actuator 
Valve Stemzinalinearmation valve, the Stem mation tocar force (torque) to 
partthtconnectsthe actuatostem poston asker ballot artary ale 
‘th the dosure member. The lever normally pty 


connected tthe rtaryby clase 
tolerance splines or other means 
‘minimize play and lst maton, 


Sal Ful The ow cose member ot 
1.3 Rotary ControlValve teary conilvavesisingacomplete 
‘phere wth acral tow passage 
Terminology rough The law passage equals or 
‘Theftingeminlogyapplesto the matches the pipe dameter 
tscalsedoperaing eareetstcscl tay cence rhe gnycoaue 
‘etary contral valves wth daphragm ce a er a heneanga 
Dison actor, Thecmueemenbers Temberaf rota control aes 
Getuiedscccmmc pages} Sataherewha paca 
‘olny digs proms unchon 
Comparable tote vale gina 
Stange contol vale Tat 5 
sey ate they these and shoe 
theo soeam byopeing more or 
eso th eal area othe loving fd 
Marya he defor prseted ar 
cordance ih SA S755 Cont 


Yoe: The structure thatrigiycmects 
theactustorpower unto thevale. = 


Bal, Notch: The most common type 
cf segmented ball cntal valve The 
‘notch bal nade poised or 
lated patil sphere surface that rotates 
gals the sealing throughout he 
‘raul ange The Vshaped notch inthe 
ballparmits wide rangealty and 
produces an equa percentage Now 
character 


Disk, Conventiona The symmetrical 
fo oeure member ued inthe most 
‘common varieties of buttery rotary 
‘ales Highy-dyramictorques normally 
lime canventional dks tol degrees 
maximum tation in troting sevice. 


isk, Dynamically-Designed: 
battery valve disk contoured reduce 
dynamic torqueatlrgeincrements of 
‘otation, thereby making itsutable or 
thrattng service withup to 0 degrees 
of dk rotation, 


Disk, Eecentrie Carman name or vale 
sesgnin which the ofcentered 
pastonng ofthe vave shat 
Connections aves the dk totake a 
slightly eccentric cammed) path on 


pening, This allows thedskto be swung 
futof contact with the sa se soon eit 
Isopened reducing ction and wea 


Flangeless Valve: Vale style comman 
torotarycontol valves Flangeless 
valves are held between ANS ASME 
‘das Ranges by lng through-bolt= 
{sometimes ata calledwaterstye 
valve bodies 


Plug Eccentric: Style of otary consol 
‘ale wth an eccetrial-atating pig 
which cams into and outa the seat, 
whch reduces ftion snd wean Ths 
Styleof vate svellsuitedor erosive 
2pplctions. 


Reverse Flow: flow fromthe shaf/bub 
side over the back the dk ballot 
lg, Some rotary contol aves are 
‘apable of handing fw equal well in 
‘ther decton. hee rotary designe 
might requre mafiation af actustor 
linkage to handle reverse ow, 

Rod End Bearing: The connection often 
teed betwen atuaorstem and 
custo vert faltate conversion of 
linear actuator thrust to rotary force 
(torque) vith minum af est mation. 
Useet standard reciprocating actuator 
‘rotary vahe body commonly 
Fequires nage wih tworodend 
bearings. However selection ofan 
actuator special designed for otary 
\alv sere requires onlyane such 
bearing and thereby educes lost mation, 


Rotary Control Valve: vale tye in 
wwhicthe Raw closure member (tll 


partial ball disk rpg isrotated inthe 
fwstream to contalthe capacity of 
thevale SeeFgure 1.17 


‘Seal Ring: The portion of arotary 
‘ontrolvave assembly corespending to 
theseatring globe vale Posioning 
‘ofthe csk abl relative tothe eal ring 
“termine the flo aea and capac of 
‘the unit at that pariular increment of 
rotational ave 


‘Shaft The portion ofa rotary control 
‘ale assembly coresponding tothe 
‘ale stem of gle vale Rotation of 
‘heshaft positon the disk rbalin the 
fowstream and controle low trough 
thevale 


‘Iiding Seal The lover ynderseaina 
poeumatipston style actuator 
Sesgned fr otry valve service This seal 
ermis the actuator stamto move bath 
‘eral and ateraly without eatage of 
Toner ylndroaing pressure, allowing 
Torasinle rod end bearing, 


Standard Flaw. For those rotary control 
\alveshavinga separate sealringor ow 
‘ingthe ow detion in which ld 
enters thevalve body through the 
Delne adjacent tothe searing and 


its rom the se oppostethe seal 
ing, Sometimes called forward lw or 
Flow intothe face of the closure 
member See aso Revere lw 
Trunnion Mounting: syle of 
‘mounting the sk ball onthe vale 
$haft rst shat ts to 
ameticaly opposed bearings. « 


1.4 Control Valve Functions 
and Characteristics 
Terminology 

Bench Set: Thecalraton proce of 
Baca sping so that ean wea 
presse range tol stoke ae 
frateduavel ee inert Dapagm 
Pressure ang). 

Capacity: Araunto ow ough 
abe (€or) understated condons. 
Clearance lowe tt oars bel 
theminimumcontralblefow withthe 
‘Sure member not ily sted 
Diaphragm Pressure Span: Difeence 
Between thehigh anaes othe 
dlaphragmoadng presse range 


J 


Double-Acting Actuator: An actuatrin 
lwhich pneumatic, hydrauli oF electric 
powers suppledin ether direction, 


DbynamicUnbalance The net ce 
produced on thevalve plugin any tated 
‘pen position bythe Mud process 
resure acing upon it 


Effective Arearn an actuator, the part 
cl the daplvagm or plston areathat 
produces astem force. The elective 
revo adlapragm might change ait 
‘Sstoked, ually beng amanimum at 
the start and aminimum at the end of 
thetravelrange Molded daphragms 
hhaveleschangein effective area than 
{at sheet daphvagms thes, molded 
<daptragms are recommended 
Fall-dosed: A contion wherein the 
‘als closure member maves toa closed 
poston when the acturtingeneay 
Source ats 


Fall-Open: A condition wherein the 
‘ale closure member mavs tam open 
poston when the acturting energy 
ourcetale 

Fall Sfe: characteristic vae and 
‘tsactuatr, which upon ssf actuating 
‘energy supply, wil cause aval cosure 
‘ember tobe uly closed uly open oF 
‘emalninthelast postion, whichever 
poston defined senecesary to 
Protect the process and equipment. 
Seton caninolve the use of auallary 
‘onto connected othe actor, 


low Charactristle: eltonship 
‘between flw through the vate and 
percent rated tree as theaters varied 
from 0 to 100%. Ths term should lays 
‘edesignated as ether inherent fw 
charateiticor stale low 
‘characteristic (See definonsin Process 
Canrl Terminology Section) 

Flow Coefficient (C.):A constant rated 
tothe geometry ofa vale, foragiven 
ttavel, that an beused to establish ow 
‘apacy tithe number of US. gallons 


pet minute of 16°C (60) water that wil 
Flow trough avalve with ane pound 
persquare ch pressure drop. 


High Recovery Valve: valve design 
that spate rele teow 
stream energy due to streamlined 
intemal eonturs and minaral low 
"urbulence, Therefor, presse 
dmeteam ofthe vale vena contracta 
recovers toa high percentage of tsnlet 
Value Straight through ow vals, such 
23s roar ballyaes, are rypialy 
high-recovery ales. 


Interent Diaphragm Pressure Range: 
The igh nd ow values of pressure 
pple tothe daphragm to produce 
Fatedvalve plug travel vith atmospheric 
pressure inthe valve body. Tle ange 
bien releredtoas bench cet range 
because wilbetherange over which 
the valve wilstroke when ft ieset on 
the workbench, 


Inherent low Characteristic: The 
relationship between the flow rate and 
the closure member travel at 
‘moved fam the sed posionto 
‘ated travel wth constant pressure drop 
rose the vahe, 


Installed Diaphragm Pressure Range: 
The igh and ow values of pressure 
2pplied tothe dlapragi to produce 
Fated travel with stated condo nthe 
Valve bods because of the foros 
Becting on the cosure member thatthe 
inerentdaphragm pressure range cn 
Afr from the inal laphragm 
pressure range 

Installed Flow Characteristic: The 
relationship between the low rate and 
the closure member travel a tis, 
‘moved fram the closed psteon to 
Fated travel asthe pressure drop across 
the vale Influenced by the varying 
proces conditions 


Low-Recovery Valve: A valve design 
that dsspatesa considerable amount of 
Mw stream energy due to turbulence 


created bythe contours oftheflow path, charatersticdoes nat exceed the 
Consequently pressure downstream of Stated nts. Acontrolvave that stil 


thevaveveng Contactarecoverstoa’dossaqoodjabf controling when flaw 
lesser percentage fits inlet valuethan is increases to 10 times the minimum 
thecaewithavahehaingsmare contolable low has arangeabity 
streamlined ow path although bt 10001. Rangeabilty can aso be 
Individual design vary.convetional expressed asthe ratio af the maximum 
obestylevahes generally havelow — tominimum contolable iow rates. 
bresure recovery capably Rated Flow Coffclent (C):The low 
Modified Parabolic Flow cectficiene(C) ofthe vale arated ave 
‘Characteristic: An inherent ow eeaecal nadie 
characteristic that provides equa Peo Manone 


percentage charactesticat ow closure 
‘ember ave and approximately a 
linear character for upper partons 
of elosute member travel 


the dosed postion tothe rated full-open 
positon. The ated ful-apen poston 
the maximum opening recommended 
bythe manufactures. 
‘Normally-losed Valve:SeeFai-Closed. petative Flow Coetficent(C The 
‘Normally-Open Valve: See ailOpen. ratio the faw coefficient (C,) ata 
‘ated rave ta the coeficent (C,) 


ush-Down-to-Clase (PDTC) peeiieeh 
Construction: Aglabestlevabe 

‘onsiuction n which the close ‘Seat eakager The quantity of fud 
‘memberislocated between the pasing through vale when the vale 
{actatorandtheseatring, such that sInthefullycosed postion and 
fxtensonfthe actuator stem moves maximum avallable eat land ie appied 
theclosuremembertowatdtheseat  withpressure diferent and 


‘ing ily costae The term temperature 2spected. 

Sa Ta ae mot Spring Rate(K):The force change per 
tnt changesin length of espn n 

{heacustorstem moves thebalor dk aphragm actuators, the peng aes 

towardthedesed positon. Aso Caled sia stated inpounds foe perch 
compression 

Fos inert tee te) ‘Vena Contracta: The portion of alow 

Comstacton:Agobestlevake | Scam fered ely ats, 


<g2nsnuction in which theseatring's amu and ful stati pressure and 
located between the actuator andthe ™@mum and fad sai prssue 


SEhtementersothatextenson tinal es 
Scuawarceontieines Sano neegan 
{She Thetamesnaobeapedeo” doémstiam ofthe actual pyscal 
‘etn veconctons retina 

‘miatln oth aha Semmens 

fcedcasinediceer 4.5 piocese Control 
Poston stocsedreeneacing,  2-5Proce 

‘Rangeability: The ratio af the largest logy 
Remote nce ee ohng esti nt 
fecoctigen (Cork winch previ dened ar equey 
SeaSiacrnsscelpcanestow — Scmimrdby pepe oct th 


‘contol valves, strumentaton and 
Sccetores Some of the terms 
Indested with an sstersk(") are 
<ecvd ram the SA standard, Process 
instrumentation Terminology. KAS. 
(ther popular terminology used 
‘throughout the contalvave industry is 
leo included 


‘Accessory: A device mounted to 3 
‘ontalvave assembly to complement 
‘aris funtion or produce dsted 
actions, particulary actuation. .e 
postions, supply pressureregulators, 
{Elenos lint shes, ef) 
‘Actuator": A preumati, hdraule or 
‘lecicaly powered device that supplies 
forceandmotion to openordosea va. 
‘Actuator Assembly: An actor, 
Iinddingallthe pertinent acessories 
that make complete operating unt 
ANSI Abbreviation for American 
Nationa Standards institut 

AP: Abbreviation or American 
Petroleum institute, 

ASME: Abbreistion for Ameccan 
Society of Mechanical Engineers 
ASTM: Used tstand for American 
Society for Testing and Mates As 
thescope ofthe organization became 
International the name was changed 
‘STMintemational AST longer 
Sn abbreviation, 

‘Automatic Control system’: A contol 
‘system that operates without human 
[acklash frm of deadbond that 
‘ests from a temporary dscontinaty 
‘between the input and autputot 2 
eve when the input ofthe device 
‘hnges dvecton (Le. slack, or 
looseness of mechanical connection}. 
Bode Diagram: plot oflg amplitude 
tatio and phase angle values on alg 
Frequency base fora transfer unchn.t 
‘ethe mast common form of graphically 


presenting frequency response data. 


{albration Curve": Araphicl 
representation othe alratin report. 
Steady state output of device plated 
235 afneton of ts steady state np. 
The curve usualy shown as percent 
utput span versus percent Input span 
Calbration Cycle": The application of 
known valves of the measured vanable 
and therecording of corresponding 
‘alues of output readings, over the 
Fange athe instrument, in ascending 
and descending drecbons Acallation 
‘Curve obtained by varying the input of 
flevice nboth increasing and 
decreasing directions. is usually 
‘shown as percent output span versus 
percent input span and provides a 
measurement of yetorei 


{apacity"(Valve): The amount of fow 
through a vale (,) understated 
cendions, 


‘sed Loop: The interconnection of 
process contrl components such that 
Information regarangthe process 
variable catiuously fed back to a 
onto setpoint tn rovde 
continuous, automatic eaections to 
the proces variable 


Closure Member: A alve tim slement 
{also known asa plug, disk segmented 
Ball or fll port bal ised io modulate 
the flow ate within a contral vai 


Contraer:Adevce that operates 
automaticaly by use of same 
established algcthn, to reguatea 
ental varble. The controller input 
receives information about the tatusot 
the process arable and then provides 
an appropriate output signal tothe fia 
onto element 


Control Loop: See Closed toop or 
pen oop. 

Ccantrot Range: The range of vale travel 
‘ver whicha contra valve can malta 
the stated valve gain between the 


ormalindvabesof05d2.0. Entropy: The theoretical measur of 
Control ValveAssmby:Adeviceused eV thatcamot betransormed 
{medutefildtowbyvaniogthe to Mmectaial working 

‘ize of the flow passage as directed by a thermodynamic system. 

Salim acnete, Equal Percentage characters": An 
Deadhead: hgeerphenemencn, _iummetew arcic tat. 
‘that can apply to any device, where the qual increments of rated travel will 
shacansplytany deve wherethe (Signe ql pactage changes ot 
‘be varied, upon reversal af direction, the flow coefficient (C,) from the 
Vithoutitatngancserblechange | ©500G. 
TRoutptsgnatarconilvaken tie Feedback gal: The return gal 
‘Snel ouput (CO sthenptiotke  Gatrenls tema nesurementt he 
Caheasenby anit pecstvatale dey cneled abl fra con 


(jstheoutput asshowninFigure vale witha pestioner, thereturn signal 
1.18. Whenever discussing deadband, it _Isusully2mmechancalindcation of 
‘Sessentalthatboththelnputand_dosure ember tem postion hats 
‘utputvarabes are denied, and that fed bacinto the psitone. 

any quanafabletestsbe conducted 


FC: Abbreviation fr lid Cotels 
Ineetute Provides standarde an 
‘educatlonalmateral to aes purchasers 
nd rs in understanding and using 
fuidcontrelandcanationing equipment 
Final Control Element A device that 
Implements the control strategy 
determinedty the outputofa 
‘control, While thn contra 
ement can take many forms (dampers, 
nf suitching devices, et) the most 
‘common final contol lament 
Industry today isthe contol vale 
assembly. Control valves modulate 
Mowing ide g35, steam, wate, 
‘chemical compounds et} 


‘der fullloaded conditions. 
Deaand typical expressed asa 
‘reat of the np pan. 


Dead Time:Thetimeinterval(T.)in compensate or lnad turbance nd 
lwhichnorespense ofthe system's keep theregulted process variable a2 
etected following small(usialy __ogetothe desired st point a posible 


ee 
Semshor ttre, 
i died ‘transient relationship between the input 
Povey ee eR er orraren fer 
iptcedby epee tous, mene Repos crete’ 
mate an coat, ‘both amplitude and phase. between 


Fest Order Ate eferringtathe 
dynamic relatonshipbetween the input 
andoutputota device Frstarder 
Systems, or devices, have only ane 


steady-state sinusoidal inputs andthe 
‘esutg fundamental sinusoidal 
‘utputs Output amplitude and phase 
shtare observed function ofthe 
Inputs requency and used to 
‘esc the dynamic behavior athe 
‘contol device 


Frletion: force that tends tooppate 
the relative mation between two 
‘Surfaces that aein contact with each 
ther. The asecited ores ea function 
‘ofthe normalforce alding these two 
Surfaces together andthe characteristic 
‘ature ofthe too surfaces. ition hae 
‘wo components stat rion and 
‘amie cion, Stale ton (a 
own as step, stiction) the 
forcethat mustbe overcome before 
‘theres any relative metion between the 
{wo surfaces. Station elo one of 
themaor cases of deadband inavahe 
sembly. Once lave maverent has 
‘Begun. dynamic fiction ako noun as 
running feton or siding ction) isthe 
forcethat mast be overcame to 
‘maintain the relative motion. 


Cain Term used descr the ato of 
themagntude ofa ouput change ofa 
‘ven system or deviceto the magnitude 
‘ofan input change that caused the 
‘ulput change cain has two 
‘ompanents: static gan and dynamic 
‘ain. stati gln aso known as 
Sensiuity) the gam relationship 
‘between the input and output and isan 
Indeator ofthe ease with which the 
Inucan inate a change inthe output 
lahen the system or devices ina 
steadtate contin, Dynamic gains 
‘the gan elationship between thelnput 
and output when the system sin. astte 
‘fimoverent or fx Dynami gainsa 
function of equency orate of change 
ftheinput 

Hardness: Resistance of metal to 
‘asl deformation usally by 
Indentation Resletance af pattcs and 
rubber to penetration ofan indentar 


pln into its surface 


Hunting’: An undesable scion of 
2ppreciale magnitude prolonged ter 
exteral sum dsappear: Sometimes 
Called eying arin hunting 
tvidence of operation ato ea the 
Stablty min contralvave 
pplication, hunting would appear as 
Ssnosclltioninthe nading pressure to 
the actuator caused by stably inthe 
or thevale pestione 

Hysteresis" The maximum dfrence 
Inoutput vale fr any single input vale 
uring calration eye excluding 
frees duet deadband,Aretardaton of 
Sneffect when the forces acting upon a 
body are changed (asi rom viscosity oF 
ice tition 


Z 


Rated ave) 


ele 


Inherent characerstle" The 
relationship Between the flow coeticent 
the laure member travel ats 
‘moved from the closed postion torated 
travel wih constant pressure drop across 
the vale Typlealy, these characterstes 
replated na curve where the 
horizontal as lbeled in percent travel 
‘nthe vertical asec ae percent 
fw (or) Because valve fon isa 
function ofboth the vale travel and the 
pressure dap across thevae, 
onducting fw characters ests ata 
entant pressure drop provides a 
Systematic way af comparing anevalve 


uractestc design to another Typical 
‘ale characteris conducted inthis 
smannerarenmedinear equal 
percentage, and quick opening. 


Inherent Vale Galn: The magnitude 
‘ati ofthe change inflow through the 
‘ale tothe changeinvaletravel under 
“andtions of conetant pressure dr. 
Inherent valve gain san inherent 
{ncn of thevae desig. es equal 
twrtheslope of the inherent 
character curve at ny travel pint 
Sd a function ova ave, 
Installed Characteristic": The 
‘elatlonship between the low rate and 
the closure member (sk) traveas ts 
‘moved fom the dosed postion torated 
travel asthe pressure dop acrosthe 
‘ale snfoencedby thevarying 
‘process condos. 


Installed Valve Galn: The magnitude 
"ati ofthe change inflow through the 
‘ale tothe changeinvaletravel under 
actual process condtons installed vale 
‘ainsthevalveqaln lationship that 
‘Secu hen the valve elnstlledin a 
Specie system andthe presure drop is 
allowed to change naturally according to 
the dlctates ofthe overal system. The 
Installed aie gan sequal othe dope 
ofthe installed charactenste curve and 
‘eafuncion ovale travel 


Instrument Pressure: The output 
pressure fram an automatic controller 
that susedto operate acontal vate, 
UP Shorthand for curent-to-pressure 
(tte-P. Typically applied to input 
trenedicer modules 

1A: Abbreviation forthe nternatonal 
Society for Automation 
LUnearity": The dosenessta whieh a 
‘uverelatingtotwovarables 
appronimatesa straight ne Lneaty 
Shomeane that the samestraight ine 
‘allappy for both upscaleand 
vincale rections, Thus, deadband 


2 defined above, would typcly be 
onedereda nn nearty., 

near characteristic": An inherent 
flaw charactensticthat can be 
represented byastraightine ona 
rectangular let of flow coetcent(C,) 
(ersur ated trav Therefore equal 
Increments of travel provide equal 
Increments of fw coeficent. 


Loading Pressure: The pressure 
employed ts postiona pneumatic 
Sctuator This isthe pressure that actually 
‘work onthe actuator dipeagm or 
Piston nd itcanbe the instrument 
Pressurelfa vale postioner soot use. 


Loop: See Closed Loop or Open Loop. 


Loop Gain The combined gana al the 
components nth loop when vewed 
Series around the loop. Sometimes 
Tefered to ar open loop gain. it must be 
‘Seatly spciied whether eeringto the 
Static loop gin orthedynamicloop gain 
some equency 

“Manual Control: See Open Loop. 
NACE: Led to stan for National 
Association of Coresion Engineers. At 
the scope ofthe organization became 
Intemational, the name vas changedto 


NACE nteratonal NACE en longer an 
hrevation 


‘Open Loop: The condition where the 
Interconnection af process control 
‘components sinterupted such that 
Information from the process variable 
Isnolonger fed backtathe control. 
Set point so tat enrections tthe 
process varable ae no longer 
Provided. This is typicaly accomplished 
by placing the controller the manual 
‘operating postion, 


Operating Medium: This thefud, 
‘generally ai orq3s,used to supply the 
Power for operation of valve pastloner 
fr automatccantrllt, 


Operative Limits": The range of 


‘operating cantionsto which advice 
‘canbe subjected without permanent 
Immparmen of operating characteris. 


OSHA: Abbrevition fr Occupational 
‘Salety and Heath Adminstration (U.S) 


Packing: partof the valve assembly 
‘zed tosealaganstleskage sound the 
‘ale shaft orstem. 


Positioner": postion controler 
(servomechansmy thats mechanically 
‘connected to amoung pat final 
‘ontolelement ort actustor nd hat 
Sutomatcly adjusts its output tothe 
Sctustor to maintain a desied postion 
Inproportion othe input signal 


Process llth combined elements a 
thecontalloep excep the controll. 
Sometimes fers tothe fd that pases 
‘through the op. 


Process Gal: The ratio ofthe change in 
{the controlled process valale to 2 
‘onesponding change nthe output 
thecontaler, 


Process Variability: precise statistical 
‘measur of how tight the process 
‘being controlled about the set paint 
Process variably defined in percent 
astypcally 2s), wheremisthe set 
Dalntormean value ofthe measured 
Process varableand isthe standard 
‘eviston ofthe proces varabe 
‘Quick-Opening (QO) characteristic": 
Aninharent ow characteristic in hich 
maximum fw coefient achieved 
‘ith minimal sure member travel 


Range: Te region between the bmits 
‘thin which quantity s measured, 
‘received or transmitted, expested by 
‘fatng the lower and upper ange 
\alues For example: 30015 ps -40t0 
100°C(-4010 2127) 

Relay Adevce that acts asa power 
amplifier ttaesan electri, 
‘neue, or mechanical Input signal 
nd produces an output alrge 


‘lume fow far or hydra Hid to 
"he actuator. The relay cane a internal 
component ofthe pstione ora 
Separate valve accessory 


Repeatability: The lseness of 
agreement amonganumber 
oneecutive meaurement ofthe 
‘utput forthe sare value ofthe nput 
under te same operating contions, 
ppreaching Hom the same arection, 
Fortulrangetraverses.tisusually 
measured as anon-epeatablity and 
expressed 3 Fepeatabi in percent of 
Span. aes not include hysteresis, 


Resoluton: The minimum possible 
‘hange ninut required to producea 
detectable change inthe output when 
horeversaloftheinput takes lace 
Resolutonis typical expressed asa 
percent ofthe input span. 


Response Time: Usually measured bya 
parameter that includes both dead time 
hd ume constant (Se T63, Dead 
Time. and Time Constant.) When 
applied othe vale. tines the 
ie valve assembly 

‘Second-Order Ater that referstathe 
<dynamicrelatonshipbetween the input 
andoutputofadeviceAsecand:-order 
System or device Sone that has to 
nergy storage devices that can transfer 
ket and potential energy Back and 
forth between themssves, thus 
Inttoducing the possibly of scllatary 
behavior and overshoat 

‘Sensitivity: The ratio ofthe change in 
futput magnitude to the change ofthe 
Inptthat causes after the stead 
ate hasbeen reached. 

‘Sensor A device that senses the value of 
the process arable and provides 
coresponding output sgnalto a 
transmitter Thesensorcan ean 
Integral part the wansmiter,ortmay 
bea separate component 


SetPoint: Acefeence value 


vepctingtiedera ect tha ramued ert iets ept 
Feceteabaopconsecd,”” Ratatat hey oem 
Sele Captus et a eae 
ShafWind Up-Ashenomenon vee Ph econ tle 
‘other daes not. This typically accursin the system dead time (Td) and the 
‘otary-style valves where the actuators Yotem time constant (t}. See Dead Time 


Connected othe vale clsure member 4 Time Constant. 
bbyarelatvalyiong shaft Wheseal Time Constant: A time parameter that 
friction nthevae hold one endof the normaly pps ta fst-onder element. 
shaftin place, rotation oftheshaftat tithe tmeintrval measured tam the 
theactuatorend isabsorbed by twisting _ fstdetectable response of thesystem 
cftheshaftunttheactustorinput_toasmall(esualyO.25%- 5%) stepinput 
tronamits enough fore taavercome unt sytem output reaches 62% of 
the treton. Isfinal steady-state vale. (See T63}) 


When apie to an open-loop process, 
theme constants sual designated 
35°T" Tau). When applied toa dosed 
loop stem, thetime constants usually 
designated a A Lamb). 
Transmitter: A device that senses the 


value the process vaable and 
{Wansmts 2 carespondingautptsgnat 


‘Signal: A physical vail, one or 
‘more parameters af wich cary 
Information about nother variable the 
sional represnts, 

‘Signal Amplitude Sequencing (split 
Ranging)": Actions which tof more 
signlsare generated artwo or mare 


iting demens rented 
Syanputagtleatheneepensng _ otecinlrfrcompason with 
consecutively, with or without overlap, aese: 
Sheomagedeelsertoutgna’ Tae Themevenertt ie dowe 
eee TE cleared 
Shing a: Anrtaracpocee [Ser edi opt Pan. 
Spee tahconmoreloss Talia Apomer ante 
‘feoneupecn coats theft ote Sow te psn ot 
wTagicdtce  tesenannenbr eh 
Bircthctipersloweange _Sepeingpacetltaelordeees 


\alues Forexampe:Frange-010.66°C _"1ftaton. 

(504. thenspan=G6°C (50: Tem’: The intemal componensof 

‘ange 310 15 psig. thenspan= 12 psig, vahe that modulate the fowl the 
‘control fad 


Stcton (Stati Frctlon}the force 
‘equcedto cause ane body n contact Valve: Soe Control Vale Assembly 
with ancthertobegintomove- ASO lume Boosters Astand-lon ely 
seefriction ‘ten referred to ava volume booeteror 
‘Supply Pressure’: The pressure atthe Simpiyboosterbecauseitboosts, 
supply portofadevice- Common values amples, thevelume ofa supplied to 
Cfeontolvalesuppypressureare20 the actuator See Rly. 

pagfora 3to1Spsgrengeand35 P88 zergtrmor“ror af adevic operating 
fora 61030 psgrange, Under pected condone we vn the 
‘eR: Ameasur of device response, itlsnputteat the lenge vale sual 
measured appingasmal (usualy expressed percent oldcalspan. = 

15) step input thesystom. T6315 


Chapter 2 


Control Valve Performance 


Intoday's dynamic business variable both above and below the set 
‘environment, manufacturers areunder point A process that sn contra, wih 
fextreme economic pressures Marat” fly the common caus of varition 

obalzatonisresutinginintense present, typical flows a bell shaped 


Dresurestoreducemanutactringcosts_hormal dstibutln, 
{ocompetewithower wages andraw 

‘material cot of emerging counties. ‘ewes 
Compattion ext between Seo Sere 
‘ntemational companies to provide the 

highest qualty product andto — 
‘maximize plant throughputs with ever 

‘sources all whe meeting ever ae 
‘changing castomer needs. These 

‘marketing challenges must be met 
although uly comping wih pubic 
and eguatory polices. 


2.1 Process Variability 
Todlver acceptable returnsto thelr 


sharehodes.ntemationl Industry pay 
leadersarereliing they must reduce 

faw mater andscrpcosswhile statistical derived band of aes on 
Iceasing productivity Reducing thsdstibuton, called the #2 sigma 
Drocessvaabiy mthemaruacturing band describes the spread process 
Drocessethroughthe application of valle devations rom theset pit. 
DProcesscontoltechnolggyisrecagnlzed Thisbandis the varity ofthe 
Ssaneffecivemethodtoimprove. proces. is amesireofhow tightly 
fnancl returns and meet lobl the process being controle, Process 
competitive pressures. ‘arty precise measure of 


Ughinessf canto and expressed sa 


Thebasiobjectnectacompanyisto  Hehessol antl ante 


‘make a pref through the production of 


‘quay product. Aqualty product fa product must meet 2cetain lower 
onformeto ase ofspecstons. Any lntspeefeation fr sample, the set 
<eviation rom the established Pome needsto be establshed at a2 sigma 
Specticaton meanslst profit dueto _valieabove this ower imi Doing soul 
fhcessve mateal use reprocessing ensure thatal the product produced at 
ote or ated product. Thus alge values tothe ight othe wer it wil 
financlallmpactis obtained through meet the quality specication, 

lamproving process conta. Reducing Tha robe, however that maney 


proces varablty through beter me veh 
and eources re elng wasted by 
Dress conrolalows optimiztionot an eurce aebeng wanted 
theprocessandthe productionof——Maguctaseletl mech srt than 
products right the ste, Fequired by the specticaton (ee upper 
‘The non-uniormity herent inthe raw dstibution in Figure2 1), 
smateialsand processes of padcion ha mast dedabe solution sto reduce 


arecommon cases of variation hat’ the sreadaf the devitlon about the set 
‘produces vation the process 


point by sing acontolvahe that can 
produce asl sigma se thelower 
‘etbuton in lgure 2.) 


Reducing process variably a keyto 
cheving business goals. ost, 
‘ompanesrealze this, and t not 
tscommon fo them ta spend hundreds 
‘fthousands of dala on 
‘sstrumentaton to adress the problem 
of proces varabilty reduction 
tortuately, the contolvale soften 
‘overanked inthis effort becausets 
impacton dynamic performance snot 
real. Extensive tudes of contro 
Ibops indicat asmany as 80% of the 
loops dd not do an adequate ob of 
reducing process varblty. 
Furthermore the control valve was 
founda be a major contnbutorto this 
problem for avarlty of essons 


Te verify performance, manufacturers 
sms test thet producs under dynamic 


procescondtons. These ate ypcaly 
Performedina ow abin actual 

Sosed oop conta (igure 22) 
Faluating contra vae assembles under 
‘dosed oop conditions provides the only 
true messreof arable performance, 
{hsedoopperlormance data proves 
Snicanreductonsin process 
variably canbe achlevedby choosing 
the ight contro vale forthe sppeaton. 
The abit af contol valves toreduce 
process varablity depends upon many 
factors More than one elated 
parameter must be considered, 
Research within he industry has found 
the partcular design features of thefinal 
contra element, including the vale 
Ssctuato. and pstone, are very 
important in achieving good process 
contol under mami conditions, Most 
Important the cntalvaveassembly 
ust be optimized or deveopedas 3 
unit Vahe components not designed as 


complete assembly typically donot deviation rom the se point wil have to 
Yieldthehestdynamicperformance. increase unl tiebigenaugh ta get 
Someafthemestimpertant design through the deadband: Only then cana 
considerations include orectwe action accu 

= Desdand 


' Actuatorpostioner design os 
1 Va response ime 

1 Valve type and characterization 
* Vahesizing 


ach ofthese desig tures willbe 
‘considered inthis chapter to provide 
Insight into what constutesasuperie 
‘ave design 


2.1.1 Deadbond 


Deadband isamajor contributor to 
‘exces procese variably, Comtal vale 
_Ssorblies can be aprimarysoutce of 
<eadhandn an instrumentation agp 
{ue toa variety of causes such as 
‘ction, balash shaft wind, rly or 
spoolvale dead zane, 


‘eadbandisa general phenomenon 


laherearangecrband ofconttoler ——Faacsijaioinaial ahem 
eutput{CO}vaues tat produces M7 ve 
‘change nthe messured process variable 


(@jwhentheinputsinalreveses 2.1.1.1 CousesofDeodbond 
tection. When aload disturbance Deaghand has many causes, button 
cca, the process variable PV) nd backath nthe contolvah. long 
‘Sevites fram the st point. Tis th shaft wind-p notary ales, and 
eviatonntates corrective action ely dea anne are some ofthe more 


through the cntolr and backthrough Common forms Because most contol 
theprocess However an ntalchange Seton forregultory contol consi of 


‘controler outputcan produce no Small changes {1% or less}. contra 
‘orespondingcorectvechangelnthe abe withexcessve deadband might 
‘rocessvarabl-Ony when the hotevenespandte many ofthese small 


ntrolleroutpathaschangedenough changes, Awelrengieeredvalve shoud 
to progress through he desdband does respond to inal 1 ors to 
corresponding angeinthe recess prenide cfc eduction process 
‘arabe occu Cavity However snot uncommon 
‘nytinethecontrolerouputreverses_forsomevalvesto exhibit deadbandas 
ection he cone slgnal mustpass_ eat 5 or re: narecent pan 
houghtnedendbend beire'sy (P'S st 30% of he valves had deadbands 
Corrective changein the process arable Inexcessof 43, Over 65% ofthe loops 
Villocax The presence ofdesdbandin 2dtedhaddeadbands eater than 2%, 
the proces ensutes the process variable 


21.12effecsofBeadband 


Fire 23 shows just how dramatic the 
‘combinedffects of deadband canbe 
‘his diagram represents an aperloop 
tustof tree afferent contra valves 
{under norma process conditions. The 
‘ales are subjected to series of step 
Inputs which ange fom 0.5% to 10 
‘Step tests under lawingcontons are 
‘essential because they allon the 
perfomanceof theentrevate 
‘sembly tobe evaluated, ater than 
[etthe vale actuator sem 3¢ 
‘would be the case under most Bench 
test condone 


21.13 erformance Tests 
‘Some perlormance ests onavahe 
sembly compare oly the actuator 
Stem tavel versus the Input signal. This 
‘smisleading because ignores the 
performance the vale sell 


Is nities to mesure dynamic 
perfomance of avale under Rowing 
ondtione so the change in process, 
“arlable can be compared to the change 
‘nvalve assembly nputsignal. it 
‘matters ition the vale stom 
‘changes in response toa change in 
‘alveinput because there sro 
‘corresponding change inthe controled 
‘arlbl, here ile no correction to 
the process varable 


Inallthree vaketess (igure 23). the 
cuator tem mation changes fay 
{athtulynresponseto the mput signal 
changes. Onthe ether hand theres 3 
‘ramaticdifarencein each ofthe vahe'= 
ity ta change the Now nesponseto 
‘aninput signal change. 

Fora A, the proces variable (Tow 
‘ate responds walt np signals 
low as05. Va  requres input signal 
changes as greats Szbeforetbegins 
‘esponding fal to each of theinput 
Signal steps. Vahe Cis corsiderably 
‘wore, equing signal changes as reat 


25 10Ebefrelt begins to respond 
Fathfulytoeschof the Input gal 
steps. The abit of ether Valve Bor Cto 
Impeone process variably ery poo. 


21.1.4 Frketion 


Friction sa major cause of deadband in 
contra valves Rotary vaesareclten 
‘ery susceptible tortion caused bythe 
highseatloads required tcbtanshutatt 
with ome sel designs. Because af the 
high el ction and poor dive ain 
sts, the vaveshaftwinds up and 
doesnot translate motion tothe conta 
‘lent Aa result an improperly 
fesgned retary vale can exxbit 
Slancant deadnand that lay hae a 
event effect on proces vara 


Manufacturers usualy bricaterotary 
vale seals during manufacture, but 
Sfteroniya fe hundred cycles this 
lubrication wearsft.naddton, 
pressure-induced loads also cause sal 
(hear As ares, the valve frcton can 
Increase by 400% or moreforsomevave 
designs The istratesthe misleading 
performance conclusions that can rest 
Fre evaluating products using bench- 
type data bere the torque as 
stable. Vales Band (Figure 23) 
Show the devastating elect these higher 
frietion torque factorscantave ona 
vale’ performance 


Packing ition|sthe primary source of 
Teton nsldng stem vas in these 
types ofvalves,the measured ition 
‘invary Sgnfcanlybetween vale 
Styles and packing arrangement 


Actuators sea has a profound impact 
‘omcontavahe sem fiction. 
(Generally, spring and-taphragm 
actuators contrite ese cto tothe 
onto vale assembly than piston 
Sctustors, Anadis vantage of 
Spring-and-aphragm actuators isha 
thelrcionalehaactersties a more 
Uunform with age Piston actstorction 


probably wilincrease significantly with 
{Seas gudesurfaces and asthe Ovings 
‘ea bration fal andthe elastomer 
grades. Tus, to ensure continued 
‘0d priormance, maintenance: 
‘uid more often fo pston actuators 
than forspring-and phragm actuators 
hat maintenance snot performed 
process varity ean suffer ramabialy 
‘thou the operators knowledge. 


‘Backloh resuts ina dscontinuty of 
‘motion when the device changes 
‘rection. Backash commonly curs in 
‘ear drives of various configurations, 
Rackand-pinion actustorsare 
parbeulry prone ro deacband due to 
backlash, Some vale shaft connections 
ko est deadband elects. Spline 
‘onnections generally have much ss 
‘eadband than keyed shats or 
aube-D designs 


Whe friction can be reduced 
Significantly through good ve des, 
{tsa phenomenon to ciminate 
ently. Awel- engineered control ae 
‘Should be able to vital emits 
‘eadband due to bach ana sha 
‘wind-up. 


Forbes performance inceducing process 
‘arab the total deadband forthe 
entire valve assembly should be sor 
{es ideal shouldbe slow as0.25% 


2.1.2 Actuator and Positioner 
Design 


‘Actuatorandpostoner design mustbe 
‘considered together: The combination 
tf these two pleces of equpment 
‘gray affects the state performance 
(Geadband) as welasthe dypamic 
‘esponse ofthe contra vahe assembly 
Sand he overal arconsumptan the 
‘al instrumentation 


Pealtoner are used withthe majonty of 
‘ontalvahe applications speci 
{dy Pstlones alow for preci valve 
assembly esponse, as alas online 


slagnosties when used witha 
conventional dal contrast. With 
the increasing emphasis upon econemic 
performance of process canta 
Pastoners shouldbe considered for 
very va application whee process 
‘optimization important. 


‘postions can bethought of asabigh 
proportional gun device When 
Enmbined with an actuator and va, he 
assembiywilidealy behave he a first 
‘onder orunderdamped second order 
‘Systm, depending on useandintnded 
perormance. Adigtalvaive controle 
has addons tuning parameters, such a 
derwatvegan which rgd exsi to 
remove undesable characters and 
further tune the assembly tothe deed 
performance. Mary postionersaso 
Ide an integral capably to remove 
any offs between vast pot nd 
postion Under most processeonta 
Eustis theatre an be tue of 
toavoidthe pss of forming sow 
process osilatons,sthectsetbetween 
“alve postion andserpaitistypially 
handled bythe proces covet. 


(Oncea changeinthe st pointhas been 
detected by the postone, he 
Postiner must be capable of supplying 
large volume of atthe actuator, 
‘making the assembly move na tiny 
Sd control ction, Ths ably comes 
fromthe high-gain postioner ands a 
function of integrated pneumatic 
booster within the postiner. This 
eumatie Boosters ypcally 
omprsed af arelay or spoolvahe, 


Typical high-performance, twostage 
pastoners use pneumatic relays Relays 
bre prefered becauee they can provide 
high gin that ges exelent dyoamic 
performance with iw steady-state ar 
onsumption In addition they are less 
Subject to ud contamination. in 
‘tion, some large arhighicton 
acuators may use addtional external 
boosters to meet specications, suchas 


stoking spee. ‘ume ad the process time constants 


trie the vale aces fast 
Postone designs are continuing to 

aa era aq lnop where theprocesstime constant 
sa chartina tie donnoete Zpproaches the dead time the dead 


{me can dramatic affect loop 
‘apabiies accesible uses n 
‘xldton featureshave been addedtn_Petformance-On these fast oops ts 


Sippor advancing industry sae Erica select conto equpment wth 
ppor avancng incu sfety Gendell posible. 


Fequrementssuchassatty 
{instrumented systems (SS) and Ak, ram aap tuning point oF vee 
‘optimized dita ves. Important that the dead timebe realy 
‘onstentinbthstoking drectons of 
2.1.3 Valve Response Time the vale. Some vale asambly designs 
Foraptimum contol of many processes, ‘anhave deadtimesthataretires ove 
‘Rlsimpartantthatthevalve reach {es longerin one tokingdrection 


than the other. Thstype of behaviors 
‘sponse tosmallsgna changes(1% ar {pKa Induced by he asymmetric 
iecjisneclthemostinporanacrs Devore poston dean andi 
ceetinseptrnur posececontsLiscanseversimtthe abit to tune the 
Sutomsti equstry can thebule !99p forbes overl performance 
tthe signal changes received fromthe 
‘ontroler are orsmall changes in 212 Dorie Te 
postion fa control valve asemblycan Once the dead time as passed andthe 
‘ulcklrespondtathesesmallchanges, sale begins to respond, the remainder of 
‘Proce varabliy willbe improved, thevahe esponsete comes romthe 
‘ynametime ofthe vale seem This 
‘ynamictime il be determined 
primary bythe dynamic characteristics 
Dfthe poston and actuator 
ambition, These tw components 
rust be carefully matched tominimize 
the tna vale response me. Ina 
preumaticvale assembly or example, 
the postionermusthavea gan ta. 
rinimizethe dyna time of thevae 
‘sembly Ths ga cores mainly fam 
the pover ample stagein the 


Specie postion qui. Aquck 


Vale responsetime s measured bya 
parameter called T53.TE3sthetime 
‘eaurd rom tiation of the Input 
Signal change to when the output 
teaches 6% ofthe corresponding 
‘ange it includes both the vale 
‘sembly dead time, which sastatic 
time andthe dynamic ime ofthe vale 
sembly. The dyramictime sa measure 
‘thw long the actuator takes to gett 
the 63% pint ancelt starts mong 


Peston nother words, the foster the 
aohlwen Peston lao spol va can supp 
Deadband.whetheritcmestrom = Slagevolune of at tothe actus, the 
friction nthevale body and actustoror ft the vaerespoce tine wl be 
fromthe postions cansianfeanly However shughgn power ampler 
fect the deadtmeothevave Silla belsetetionhe desde 
sembly isimportantiokeepthe ples thas some terol deadand 
‘eadtime asmataspossbleasths —osenadsttotaduee stancar 
ambeatimtingactarforprocess Gunton Ofer te ag ofthe 
Stab Generaly deadtime shouldbe Scrat agncanty aes the arse 
‘omorethanene:hidofthe overall na fresune he emer 
vaheresponsetime However the ofthe actuator a chamber to be ile, 


‘elatverelationshp betweonthe dead thesionerthe valve response ime 


eine Te 1 
a a 


Tae aber Visa RESTART 


2.12.3 Solutions used, causing the valve assembly to go 


Into an unstable scat. Inada, 
reducing the actuator valume hasan 
Sever affect onthe thst toction 
Fao, hich increases the vale 
sembly deadband, resulting 
increased dead time. 


A fist, might appear thatthe soltion 
‘sould be to minimae the actuator 
‘Volume and maximize the positioner 
namic power gai, but tsrealy not 
thateasy.Thiscan ea dangerous 
‘combination o factors rom 3 stability 


Pointafview. Recognzingthat the _ftheoveallthustto-iction ratios 
Pasltonerlacustorcombination sts _notadequae fora given application, 
Sun feedbackloop,tispossibieto one pti sto ncrease te thrust 


take the postionei/actiatrloop gain capbiltyoftheactustarby using the 
toohighfortheacuatordesign being next sie actuator orbyincrexsing the 


pressure tothe actuator: Tishigherto- 
friction ratio reduces deadnand which 
should help toreduce the dead ume of 
theassembly However, bath ofthese 
lteatives mean that greater vlume 
‘fatrneeds tobe supplied to the 
Sesto The trade of posible 
‘etrmentaeflecton the vale response 
time through Inceased dynam time. 


‘One way to reduce the actuator aie 
‘chamber volume sto use piston 
Scuntor rather than a sping and 
<apivagm actuator, butts nat a 
ppnacea, Paton actuator ually ave 
‘her thrust capably than sring-and- 
daptvagm acustos,buttheyaohave 
‘her tion, which can contibute to 
‘problems with valve response tine. To 
‘obtain the equa thrust wth piston 
actator is usally necessary touses 
Igherarpressurethan witha 
<dapirage actuator, because thepston 
typically has asmaler area. This means 
thatalager volume ofa needs tobe 
supplied withitsattendant i effectson 
thedynamictime.naddtion, piston 
actuators ith ther greater number of 
‘gulde surfaces, tend to have higher 
fiction du toinherent fui ia 
alignment, as elas cto from the 
‘Gstng. These ron problems ako 
tendo reve overtime. Regardless ot 
‘how goa the O-rings arent, these 
sdastomertematerl il dogradewith 
time du to wear and other 
‘nwronmental conditions. kaw, 
wear on the guide surfaces wilincease 
thefition. and depletion ofthe 
lubrication wl acer Thess ition 
problems resultin a greater piston 
ctor deadband, which il increase 
thevalve response time throogh 
Incresed dead time 


2.1.2.4 Supply Pressure 


Instrument supply pressure can also 
‘havea sigicantmpact on dynamic 
esformance ofthe valve army. For 


sample, itcan dramatically ffectthe 
stoner gan as wellas overlie 
Fonsumptin. 


Fued:-gainpstionershave generally 
been optimized tora patel supply 
pressure. This gan, however, can ary by 
$factorof two or more averasmall 
Fang of supply pressures. For example, 
® postioner that has been optimaed for 
supply pressure of 20 psigmight find 
itsqamcut nha when tesupply 
pressure lsboosted to 35 pig, 
Supplypressure aso afects the volume 
far dolveedto the actuator which 
Setermines sped. tsa det inked 
toarconsumption. Again high-gain 
spaoalve postionerscancansume up 
tofvetimes the amountol requ 
Formoreefiient igh performance, 
‘o-stagepostioners that use ely for 
the power amplification stage 


2.1350lnimizing Deed Time 


Tominimizethe vale atsembly dead 
time, minimize the deadband ofthe 
valve assembly wheter comes fram 
frtion nthe vale seal design, packing 
cbon, shaftwind-p, actuator oF 
postoner design Asindlated,rietion 
[Samar cause of deadbandin contral 
‘ales. Onrotaryvale tls, sha 
wind-up can also contibuteSgcaniy 
todeadband.Actustor style alo ae 
Profound impacton contol ale 
Eesembly ction Generally sping-and- 
Slaphragm actuators contibuteless 
frevont the conta vahe assembly 
than piston actuators over anestended 
time. Aementioned th caused by 
the increasing itn rom the piston 
(ving, msalgnment problems and 
fale ication. 


Having apostoner design wth high 
gam can makea significant dferencein 
Feducing deodband This can also make 
2 nificant improverentin the ave 
sembly esolition. Vale assembles 


sith deadband and sesoition of 10° 
leeearenalonger adequate formany 
‘process variably reduction needs 
Many processes require the vale 
sembly tohave deadband and 
‘esoltan aw as0.25%, especialy 
‘here thevalve sembly intalled na 
fast proces oop. 


213.6 vole Response Time 


‘One ofthe suprising things to come out 
‘of many industry studies on ale 
‘sponte timehas been the change 
thinking about spring-and-daphragm 
actuators vesusplston actuators thas 
iengbeena misconception inthe 
process industry that piston actuators 
Se faster than sping and-daphagm 
Sctutors. Research as shown hit be 
‘hte for smal gal changes. 


‘Thismistaen ele arose frm many 
years of experience wth testing valves 
forstoking time Astrking time tests 
‘oral conducted by subjecting the 
\alve asSembiytoa 100% step change a 
‘the input signa and measucigthe ume 
‘takes th vale assembly to complete 
{efulletroke nether dection. 


Although pston-actuated valves usally 
so havelasterstekingtimesthanmost 
Spring and-dlaphragm actuated aes, 
thistest does nat ndeste vale 
prlormanceInatypleal process control 
"tuation, wherein normal process 
‘omtotappleations, the vale rarely 
‘equiedt stoke throught fl 
‘eperting range. Typically thevalve is 
‘ni requied to respond within arange 
{10.25% 102% change nvae postion. 
Extensive testnigofvaheshas shown 
that spring-andophragr ae 
assembles constant outperform 
‘etonactiatedvabesonsmal signal 
‘changes which are more representative 
of requltory proces conta 
ppleatons: Hgher cian nthe piston 
Sctustorie one actor that plays araleln 
‘making themlessresponsteto small, 


Signals than spring-and-daphragm 


Selecting the proper vale actuator. and 
postoner combination nat ex. Ris 
otsimply a matter offing 2 
Combination hate phyally| 
Compatible, Coad engineering 
ldgment must gotnto the practice of 
Vale assembly sing and selection to 
Bchieve the best dynamic performance 
fromthe loop 

gure 2.4 showsthe dramatic 
Aiferences inden tie and oerall 163 
Fesponse time caused by dferencesin 
vale assembly design 
21.4ValveTypeond 
Characterization 


ThestyleofvaNe sed and the sang of 
the vabecan have alarge impact onthe 
performance ofthe contol vate 
sembly inthesystem, While vate 
must bef slficent sito pas the 
required ew under al possble 
contingencies, avave that to age 
forthe applestions detriment to 
process optimization. 


Flow capacity f the va sls related 
tothestye of alve through the neent 
‘harcterte ofthe valve. Th inherent 
‘characters the relationship between 
the valvefw capacity andthe valve 
travel whenthe afferent pressure 
drop acossthe valves eld constant 


Typical these characterises are 
Plotted ona curve wherethe haizontal 
Sls ibeled in percent rave though 
the vertical ase labeled a percent 
flow (or). Since vaveow safuncion 
‘tht the vale travel and the pressure 
frop across thea tistradonalto 
‘conduct Inherent vale characteristic 
tests at aconstant pressure cop. This 
rota normal suaton m prac, Dutt 
prodesasytematic way of comparing 
‘ne valve characteristic design 
Sather, 


Under the spectc conditions of constant Inrent valve characteristic isan 


presure drop, thevaleflow becomes inberent function ofthe vale ow 
‘only function ofthevae travel and passage geometry and does not change 
theinherentdesign ofthe vave im. Selonga the prevue drop held 
‘Ihececharcterstcsarecaedthe constant. Many valve designe, 


Inherent ow characterticofthe vale. parity rotary ball valves, buttery 
TWplcalvabe characteristics conducted ales, ang eccentric plug vais, have 
inthis manne are names ner, Ineren characteris, which enna 
‘equal percentage. and quic-opening. be easly changed However, most lobe 


Theratoofthe nrementalchengein_vaveshave selection of ve cages or 


jugethat canbe interchanged. 
salve fow (output)tothecoresponding 
Incremental vaetrael (mpi hich‘ ™sfythe inherent How characterise 


‘Guredtheflow change Isdefinedasthe — Keowledge ofthe inherent ae 


vaheaain. characteristic isuselulbutthemore 

Important characters for purposes of 
Inherent Vale Gin (Change in process optimization isthe stale How 
FowjiChurgeintrael/=Sbpe atthe characteristic ofthe entire proces, 
Inu Charsctrte Cave Including the valve and allother 


equpmentin the lop. The stale Raw 
Thelinearcharaceistichas constant chafactttic lt defined asthe 
‘sherentvavegan hughouttsange,  r]stonsip between theflom though 
thevalve andthe ve assembly 
sith quickopeing characteristic has 
‘In inberone veh gale that isthe when the vahe isinstalled ina specific 
Sstetathlowrendlthetel se andte pres op scot 
‘ange. The getestnherentvae gain ‘aie allowed ta change nats 
{ortheequa percentage vahetsatthe ‘athe than being eld constant. An 
pian Soa istration of such an installed Now 
Characters shown nthe upper 


a | 

grou || aan] 

tare el | 
| 


cane offigue25.Theflowinthisfigue controled changes with ow. For 
‘Srelatedtothemorefamiarvake travel example, che gaia a presure vessel 


tater than valve assembly np, tend to decrease wth throughput. 
thiscase, the process control engineer 
2.1.4.1 Installed ala would then ely want tousean 


Installed gain shown inthe lavercurye  equakpeteentage valve that has an 
ffigure2,isaplotofthe slope ofthe Incressing gain wth low: deal, these 
‘ppercurveateath point. Insta flow "WO inverse elaonshipsshouldbalnce 
characteratlecurvescan be abtaiedOU8YO provide amore near instale 
{ander laboratory condtions by placing ow charactesticfor he entire proces. 
theentelopinopeatin ase 4 taap can 

‘mina setpoint and wth load 

‘sturbances Theleopisplacedin Theoretically loop tuned for 
‘manual operation, andthelow sthen optimum performance at some st pont 
‘measured and recordedas theinputto flow ondtion. As thelow vanes about 
thecontrolvahe asemblyis manually that se pon, ts desirable to keep the 
ven through stu travelrange. A logp gana constant a possible to 
pltofthereauits the nstaled low maintain optimum performance. tthe 
{Characteristic curve shown inthe upper loop qa change due to the inherent 
partolFigure 2.5, Theslope ofthisflow valve characteristic, dose not exact 
fue lsthen evalatedateach pointon compensate forthe changing gain the 
thecurveand plottedaethe nstalledunitbeng controled, then there wllbe 


‘gainasshowminthelower arto avariationntheloop gain dueto 
Fgue25. “aration inthe instal proces ga. AS 
Feidmessurementsoftheinstlled 2st, proces optimization becomes 


‘more dial There als a danger that 
the loop gan might change enough to 
SEES Me cd eks Gases nang rer 
‘ainataty operating candionssimply_&¥"=micdlfilies, 
theratoof the percent change n output Loop galnshould not vary mace han 
(flom)to thepercent changeinvake 4:1; otherwise the dynamic 

Sorby hput gra perlormance othe loa slfers 
vereaon or characering inherent unacceptably, Theres othing mage 
epsom terete houtthis spect rato: ts simply one 
\aegain trough variousvaletrim bout Feral 
‘Sesgnelsto provide compensation for Whe» many contol practioner agree 
‘the gainchangesinthecontrelloop. _Procesan acceptable range of gin 
‘heend gealistommainainaloopgam, —_a#gHnsIn most proces control oops 


‘process gan can aso be madeat single 
‘Sperating pln using opeiop step 


ahi reasonably unformoverthe” This uideline forms the basisfor the 
lente operatingrange, to maintaining EnTech gain lit specication 
‘elt nea installed Now {fom Control Vale ami Spefton, 


characteristic forthe process. Because of Version 3.0, November 1998, Tech 
thevayitismessued theinstalled flow Contain Tretia, Onan, Canada): 
‘character andinstald gain 


represented in Figure? Sarerelly the LagpPrcen Gain= 10/801 
Installed gain and low characteristic for _‘Tasrter paris Cvtcllr Outpt) 
theentie proces. poeaneeaies 

Typlealy the gain ofthe unit being (ted a) 


‘Thisdeinton ofthe loop process the gla ange could rutin rg vate 
includes athe devcesintheloop swings uring normal operation ts 
Configuratonexcept the controler. In goad operating practice to keep valve 
‘ther words theproductofthegainsof _Swingr bel about 3. However, there 
Such device the contol vale isso a danger ineting the gan get ton 


Sssemblythehest exchanger pressure large. Thelogp can become orlltry of 
‘esd oF ther system being cntalled, —evenunsableftheloop gan gets too 


thepump. the ransmiteret.fethe highatsomepointinthe rave. To 
processgan- Because thevalveispart ensure good dynam performance and 
theloop processasdefnedhere,tis_laopstaly overa wide rangeat 
Important toselecta vale style andsize operating conditions, Industry experts 
‘thal pradace an stale Now Fecommend that loop equpment be 


Chaacesicthtssuficetyinearto engineered the proces gens 
Stayethin the specfed gains over witintherange of 0 5t0 20, 
theapertingrong othe system oo 

Imichgamatsionsccsinte con! 21.43 Process Optimization 

“ate tall tleses ese praccs optimization equesaahe 
asrtng the cota isgood Sandee hoon tee 
Baccetoheepatmuchoftel02P heroes gan wn he sete gah 
spike drt postle tnt range rr he wet posse set, 
Although the ato ten changeln fering condos. Bese 
theloop wel acepted not nmin process aby 850 
fverore agree 0.Sto20qahn dependent onmantaingsunform 
{mie Someindstyespershoveade inated gt terange ove which 2 
Sexeforuingloonprocesganimts vaecanoperte win the scetble 
iromaate0.ichsstl4 The gainpeciication ims sknownasthe 
Potenlcangerineretnusngthis eonlrange teva 
‘educedganrangekthattetowend ot The cannalrengeot vate sores 


(xf | 
input) 


Vale Wave) 


Tareas en rae 


ramatialy with ale style. igure 26 
‘how alie-sie bute vahe 
‘compared aalinesize globe valve. The 
‘lobe vabohas2much wider contra 
‘ange than the utter} valve Other 
‘ae styles, suchas Vnotch ballaves 
and ecentcplgvahes general fll 
“cmenhere between these tworanges. 


Because buterty ales typically have 
the arrowestcantrol ange they a8 
‘enerally best suited for fed oad 
Spplatlons. nation, they must be 
‘rely sized for optimal performance 
ed loads 


ithe erent characteristic of aah 
‘could be selected to exact compensate 
Torthesystem gun changevith Bow. 
‘one would expect the installed process 
‘ain (lower curve tobe esentialy 2 
Sraghtlne at aval of 1.0 


Unortunatly. such precise gan match 
‘sseldom possible due tothe logistical 
limitation of proving an infinite 
sariety of inherent valve tri 
‘characterises. Iaddtion, some vahe 
Styles, such as buttery and balls, 
‘ant ofertrim alternatives that allow 
2s) change ofthe inherent vale 
character, 


Thscondltin can be alleviated by se of 
‘orminearscling between va Set 
palntand postion, Thstechnigue 
‘calibrates the ahs input igral by 
taking the tinear controler signal and 
{ing a pre-programmed table values 
ta produce thevalve Input required 
Sicheve the desired vale characteristic, 
“Thistechniqueis sometimes referred to 
asTorward pathor set plat 
‘harateition. 

‘Thischaractvigton occurs outside the 
postions feedback lonp and vode 
‘hanging the pstoner loop gan. Ths 
‘method alo has its dynam limitations 
For example, there can be placesina 
‘ale range where 21.0 proces signal 
‘change might be narrowed trough this 


characterization procesto only 20.12 
Signal change the vale (hat nthe 
fat esons ofthe characterizing cure) 
Many eonolvaves are unable 
respond ta signal changes thi sal. 


The best proces performance occurs 
when the required flow characters s 
obtained through changes inthe vale 
trim rather than through use of nan 
Ineareharacterzation, Proper selection 
bt acontralvake designed to produces 
Feasonably linear nstaled Now 
‘haactersti over the operating range 
bfthe system sacri step ensuring 
‘optimum process performance. 


2.1.5 Valve Sizing 


versiaing of vaes sometimes occurs 
when trying ta optimize process 
performance thaugh reduction of 
process varity Thsresus rom 
Usinglinesze valves especialy wth 
highecapocity rotary vais, sels 
the conservative addon of mule 
safety factors atifrent stagesin the 
process design 


Cversing the valve hurts process 
\arabilityintwovays- Fist. the 
‘versed vale puts too much ganin 
the ave leaving es flexibly in 
using the contol Best 
performance results when most loop 
Sai comes fromthe controller. 


Notiein the gain curve of Figure 25, 
the process gan gets quite igh inthe 
region Below about 25% valetavel. 
the valveis oversized, making tore 
ty to operate in or near hs eqn, 
thishigh gan can ky mean thatthe 
ontral gain wl ned tobe edced 
to avoid instabilty problems withthe 
loop. Thi ofcourse, wilmean a penalty 
tcreased proces variably. 
Thesecond way ovesaedvaleshurt 
process varity sthatan oversized 
“ale likly to operatemere frequent 
tower vale openings whete seal 


Irion cn be greater, prtcalyin 
rotary valves Because an vesized vahe 
rodices adsproportontay ge Hows 
‘unger agvenincrementofvae 
travel thi phenamenon can greatly 
exaggerate the process vanablty 
‘eodated ithdeachand duetafrtion, 


Regards ofits actual inherent vale 
characteristic a severely verszed valve 
tends to act more a uick-opening 
‘ah. which resus in high installed 
‘pracessganinthe lover it regions 
(igure 25) nado, when the ale 
‘sersed the valve tende to reach 
System capacity a relatively low trae, 
‘making theflow curve atten outst 
higher vale travels igure?) For 
‘al raves above about SO degrees, 
thisvale has become totally infective 
{control purposes because the 
‘process ganis approaching ero and the 
‘ale must undergo wide changin 
‘Woe! wth very tle resulting changes 
Inflow: Consequenty, theres tle hope 
‘of achieving acceptable process 
‘aabity nhs egion 


‘Thavale shown in Figure 5istoaly 
snisappied inthis appleation because t 
‘esuchanarow contr rnge 
{@pproxmately 25 degrees to4S 
‘derees. Ths stuaton came about 
‘Beene nel buttery vale was 
<osen primarily due tots ow cost, and 
‘bo consiertin was gen to thelost 
rf that resus rom seificng| 
races varablit through poor dyeamic 
erfomanceafthe cotrol ae 


Uniorunately this stuation often 
‘repeated, Proce control studs shaw 
that forsome indus, the mao 
salves carter process conte loops 
{se oversized forthe aplication. Whee 
‘mightseem counter, toten 
‘moles econamicsenee ta eect contol 
‘ale for preset contionsand then 
replace thevalve when conditions change 


‘When sletinga vale itisimpertantto 


consider the vale syle, herent 
tharacterstc. andvalvesz that il 
provide the broadest possible contro 
Fangefortheappleaton, 


Refer to Chapter for more sting 
Information.» 


2.2 Economic Results 


Cansideration ofthe factors cussed in 
this chapter can have dramatic impact 
‘onthe econome rests ofan operating 
Plant More and more conta ers 
fos on dram performance 
Paramters such ae deadand response 
Ses, and istaled gain under actual 
proceslaadcondton) a3 means 
Improve process loop performance 
‘Ahough ts possbleto measure many 
ofthese dynamic performance 
parameters nan openloop station, 
theumpact these parameters have 
becomes dear when closed op 
performances measured. The csed 
Toop test reste shown Figure 2.7 
demonstrate the abt of thee diferent 
Valvesto reduce process varabity ove 
“ferent tuning condor. 


This dagram plot process variably as 
2 percent ofthe se point varabe versus 
the dse-oop time constant whichis 
$3 measure offonp tuning, 


The hotzontaltine labeled "Manu", 
shows how much valli inherent 
Inthe lop when no attempts made 
control (open nop).The ine loping 
Alovnoaraea hele marked 
“rman Vanabilty" represents the 
Calelated dyaamic performance af an 
ea valve assem (one vth no 
oninearties)Alfal valve assembles 
should normal fll somewhere 
between these condtons 


Nota valves provide the same dynamic 
Perormance eventhough they al 
theoretically meet stati performance 
purchase specications and are 


led 009 Time Constant (econ) 


considered tobe equalent vas 
(Figure 2.7, Valve Ain figure 27 does a 
‘0d obo flowing te wend ol the 
‘rinimum varabilty ne over awide 
‘ange of contol tunings Thievalve 
‘Shows exellent dynamic performance 
‘sth minimum variably in contrat. 
Valves and Cdesgns dont fare aswell 
nd increase marley the stem 
‘tuned more aggressive for 
_ecrensing closed-loop time constants 


Althre vale designs are capable of 
‘controling the process and reducing the 
‘aati, bu tv design de datas 
‘wll Consider what wouldhappen the 
poorer performing Valve 8 was replaced 
‘uth the best performing Vale A and 
thesystom was tuned t9.20second 
lose lop time constant 


‘The testdata sho the would esl 
2 1Azimprevementin process 
‘anabity. Ths might not seem tke 
‘much, but theres over atime cn be 
Impressive. valve thatean provide this 
‘much improvement every minuteat 


very day can save significant dollars 
ver asingle year 


Theperformance ofthe better vein 
thisexample provides strong eudence 
‘hata superior contolvave assembly can 
have a preound economic impact. Ths 
‘examplelsonlyone wa aconravae 
‘an inrease profs through tghter 
nto Decreased energy cst, 
Increased throughput, less epracesing 
st for out oF speccaton product, rd 
Soon, aeallways3 good contra vabe 
an inten ecanomlereltsthough 
Ughter enero Wale the ntact 
might higher fr thebestcontal abe, 
the few esta dala spent onal 
engineered contolvalve can dramatically 
Inca the retumon investment fen 
the extrait coe of the vahe canbe 
padtorinamatter of days. 


‘sas, the process industls have 
become increasingly ava that contol 
valve semble lay animportant ole 
Intoopjuntplant performance. They 
hove sores hat radon 


‘methods specyingavale assembly the dagnosiccapabilty ol Valve 
Srenolongeradequatetoenaire the.” software tothoraughl tet each ae 
benefits precess optimization Wile assembly a part of inal assembly. 
Immprtant such state performance 


cena 2aSgnennesrest 
Feerteraictateny wt grt Sees 


Sdequste to del wth the dynamic 
Ghaecterstiesef proces conaleops.« _ #nstrument Configuration Display 
1 Status Montr (50% travel) 


Valve Spec sheet 


2.8 Signatwre Seite * Valve Signature, as recorded from 5 
Performance Testing to 105% input can ume orth test 
\Valetnk” Software Signature Series depends on actuator sas) 

factory executed performance texting # DynamicErorBand Curve. as 
‘eavalableforanf fisher contol yale Tecrdedfrom-Stn 105% input 
Sembly that include FIELDVUE™ {écan time or this test depends on 
‘gialvavecontolrandcanbe used Stuatorsze) 

Sethestartng pintinacanrelvaive —— * Drve Signa recorded from-Sto 


‘malntenane program {SE nput(scntime forties, 
ee __— depends on actuator size) 


1 Signature Series tot ress 
‘ectronclly rom the Emerson 
Ser otfee 

23.2 Signature Series2 


Inadaton to Signature Series 1 
Information the wer aces: 


1 Pesfomance Step Test 
1 Status Montar (0,25, 50, 75, 10%) 


1 Signature Series test results 
‘ectroncaly rom the Emerson 
Stet offee 


23.3 Signature Series 3 


Signature Series 3 testing provides user 
spected Seis 1 and 2 tess and allows 
ay change n endpoints orscan times. 
This capability allows the user to ast 


Fare ae pena 


‘Signature Series performance testing 
‘eater a benchmark ofan stembled 


\ale's perfomance prot shipment. 
Thisbenchmarkprovdes staring the testing specif requrementsor 


pln for future data comparison, rocasand 

fnablng the usertotrackthe operating Data Comparison: control valves 
‘ondtton ofthe conta vale and equipped with a FIELDVUE instrument 
‘maximize vale performance, that includes dlaghostic capably after 
‘wienaslersl data OIA the valvehas been in-service Vani 


fquippedcontolvahe.thefactaryuses SeftWarecan be usedto run the same 


test that wereun atthe factory. Then, 
byimportingthe signature Series data 
nto Valin Software, te urercan 


‘compare theas shipped perarmance 
‘sth thevalve's coment operating 
‘ondtion.Theeurent dats can be 
‘Compared tothe baseline data to quickly 
pinpoint sus, as shown in Figure 


‘pmasoercanprian Take Advantage ofthe Signature 
‘Series: Performing aDiagnostc Test 
with VaeLink Software provides an 
Shays of ontalvave operating 
parameters, shown n igure 


‘Signature Series Availabilty: Signature 

‘Ses testing avaable foal Fisher 

contolvaves. Tord Signatur Series 

testing speci Signature Series testing 9 19 Userscan take adranage 

‘equltementsonthe ishercontrlvahe  Gusjenencausage sauanage of 

onde. fantimerson Sle ofc. Speci the 
Signature Series testing requirements 
‘when plcing an order. Emerson can 
Proide the chagnos data needed 
tokeep valves operating atop 
perormance.« 


2.4Summary 


‘The contol vale assembly playsan 
cextremelyimportant len producing 
‘the best possible performance fram the 
‘conta lnp. Process optimization 
‘means optimizing the ene proces, 
‘ot juste contol algorithms used in 
‘the control room equipment. The vale 
‘cca the final contr element 
‘because the contol valve asembly 
‘here process controls impimented. 
‘makes na sens toinstall an elaborate 
proces control strategy and hardware 
Instrumentation system cpable 
Scheving St or beter proces contol 
4nd then to implement that ctrl 
Strategy with 5% or worse control 
‘als. Audits performed on thousands of 
process contra loops have provided 
Song proof thatthe nal contol 
‘ement pays significant len 
[chewing true process optimization 
Froabity increases when acontol 
‘ah has been propery engineered for 
sappliation, 


Control ves ae sophisticated, 
high-tech products and should not be 
treated aa comme. though 
‘radial vale specications pay an 
Immportant le, vae specications must 
also address real dynamic performance 
‘characters ft process 
‘ptiization sto be achieved tis 
Itmperatie that these specfetions 
‘nde uch parameters as deadband, 
‘ead time response time et. 


ally, process optimization begins and 
ends wth opamation ofthe ere 
oop. Parts athe oop cannot be treated 
‘nhiualy to achieve coordinated loop 
ecormance Lkewse, performance of 
nypartof the loop cannot be evaluated 
{neolaton.klated test under oon 
‘Gaded, bench type conditions wl ot 
‘provide performance formation thts 
‘btaned fom testing the hardware 
‘under actual process cndtins. « 


See hain Recut 


a | 
Chapter 3 


Valve and Actuator Types 
y 


3.1 Control Valve Styles 


‘The controlvahe requatestherate of 
{iio a5 the postion ofthe valve 
dosure members changed by force rom 
{the actuator Todt the vae must 
' Contaln het without external 
feslage 
1 ave adequate capacty forthe 
Intended ere 


1 Be capable of withstanding the 
rosie corse, and temperature 
Influences ofthe process and 


* Incorporate appropriate end 
Connections ta mate with adjacent 
pelines and actuator attachment 
‘means to permit transmission of 
Sctustor thrust tothe ale stem 
esha, 


Many ses of cntolvave bodes have 
‘ben developed hough the yeas Some 
‘avefound wide application, whe others 
meet specie sevice conditions andare 
‘eds requnty. The following 
summary deserbes come popular contro 
‘ale body tls nse today.» 


411 Globe Valves 


31.1.1 SinglePort Valve Boles 


' Single ports the most common 
‘ale body syle and is smplein 

1 Singe-por-vatves are aalble in 
\arius forms such as globe andl 
barstock, forged, and spl 


1 any single seated va bes use 
cage or retainer sive constructionto 
Fetan the seatang provide valve 
plug guiding, and provide a means 
forestabisting parteuarvale ow 
caractentes, 


1 Cageor retainerstyle single seated 
‘ave bodies can alsbe easly 
‘modi by change of im parts to 


‘change the flow characteristic or 
provide reduced capacity flow. nose 
lzruation or reduction or 
imination a cawtation. 


Angle vales (gure 3.1) are 
‘commonly usedin bole Teedwater 
neater drain service andi 
Piping schemes here paces ta 
Premium andthevahe can also 
Eve ar anelbow The valve sho 
has eage-ste constuction. Others 
might have expanded outlet 
fbrinectons, restricted tm, oF 
tet neror reduction a rosin, 
ashing or cvtation damage. 


pe Aged eel ay 


‘ly valve bodies are often specie 
for corrosive appeations see Figure 
32), They canbe made from bar 
Stock, castings or forgings When 
etic metal ays ae required for 
bar stockvalve bodes expensive 
than aeast valve body. Avalewith s 
Polymer tinermay also be used 
High-pressure valvesare often used 
Inthe hydrocarbon and power 
Indust and re walableto 
{CLASH oP 10,000. These canbe 
lobe rangle designs and typically 
Fave optional specialized rim or 


severe service applications. 1 Geneaypecfed for applications 
pyrene: ps ith tinge sto requrements. 
‘chetuestienaadinpodacont They semetaltometal seating 
Serandol Vartonsavalabe nude Sacer seating with PTFE or 
Sthveadedbomnetandseerahing set omposton mater forming 
Sle Flanged versions are avaisbie sa Theyeat nda met 
‘hres to Css 2500. serve peerents 
Because high-pressure fidis 
normaly lod the ete area 


131.12 Post- and Port. Gulded Valve 


Bodies the por the unbalanced force 
Post and por-quiding methodsinGX ated must be considered in 
‘ah according va see Selecting actuatersorpost-and 


port-guded conval vate bodies 

* Although mast popular inthe smaller 
Ses, post and port guldd vas 
anoften be usedin NPS 4-8 (ON 
100-200) es with igh thust 


—————____—— atheycante mnczptbte ts iigh- 
“able speaying afeent guiding Pressure drop uation, scares 
methods cross ze, heeded wth the design to avid th 


Fgure3.3showsoneof the more popular 
[serine | sylesofpost-guded glbe-type central 


fsetrie [soe 


r £ ‘ate bodes They ae dey nein 

Page [rigs | Righ _]processcontclaplestions,paricalay 

ety [pasty onary | innPst-4(0N20-100, Normatow 

or” [Roa |itier” | ection most often ip ough the 

tena | Utama [Orabneed | SONS 

ty oe (RE ..13 cage style Ve Boles 
Cagestye tin (gure 3.4) provides 
Vale pag ging, et ong retention, 

_ r~ 


and flow characteration 1 Dynamicforce onthe plgtendsto 
Bebalancedas ow endsto open 
Inaddtion avaretyofsealmateras __abalancedas fw tends to 
ndste are avalate to sel between Taenee nase 
theupperporionafthevake phg’s,  * Reduceddynamic forces acting the 
‘outer dameter and the cageboreto plug might permit chosing samaer 
Iitlestage ofthe upstesn, high ets than wouldbe necessary for 
Dessureflldintathlowerpresure ashe potedunbalanced ae 
‘Sownsteam jstem.Inblanced Bay wth sar capcty 
<esgns downstream pessueactson _ Bodies are wal furnished nly 
‘bath the top and bottom sides fhe 1NS4(DN 100) orager. 
vahepig.whch nlite eet ant ghercpacty 
Staticunbalanced force Reduced * Badies normaly have higher capac 
tnbauncedTrce permits operation ot an single portedvahe ofthe 
thevave with sate actators than sameline se 
those necesaryforunblancedvahe = Many ouble-ported bodes eere 
‘nim inerchangesbityof im permits" sothevaheplogeanbe stalled 5 
hoeeofeverafow characters, atherpusdowno-openor 
‘ole attenuation, anata, or pus-down-to-dose (gue 35). 


sthersewre seins fo most 
Swoosh standard 
Zetonehon te ough eae isc, 
cpeunanddomnioghine sat mcughas nai a 
De tanenceecumeesn en 

Teiftorap teesencon —*ortguled he plueareofen 


1 Neta-o-metal seating sual 
proides Cle I shut copay, 


‘rious material combinations ses ‘sed for onoforonepressure 

ThroughNPS36(0NS00} andpresure _throttng service Top-andbottm 

‘atngs upto Clss4500 or AP 10,000. guided valve plugs fuish stable 

Dpeaton for severe service 

11.14 Double Ported Valve Boles ‘enatons. 

* The industry haspredominantly The contr! valve body shown inFgure 
‘movedaway ram using double- 3.5 gassed or ps don toro 
Portedvale designs. wale plogaeton. = 


("7 


‘erez tie jean Bana) Fae 1a cng ache 
‘eter ano ra 


Double ported designs were historically 
{sed refineries on gh vscour 
fuidsarwhere there wae concer 
about contaminants or prcess 
Sepostson the tim. 


3.1.15 Three Woy Valve Bodies 

' Tree ppsline connections proude 
general converging aw-mbeng) or 
verging (How-spliting) service 

1 Varations inde cage part and 
stom-gulded designs, sclectedior 
hightemperature serve and 
standard end connections Panged, 
sree buts wel. ete) eanbe 
Specified tomatevwith most any 


Sonstene 
s helen dards)" ASMEAPE gd aig 
Corian prea or Sy thetd geet 
Socionsibenitond = aplaeadoapret me 

vere mk 
Infqweéatimewayahetody + Mellons these 
Ctitsbasredtaepogshoveith — ahersty 2 Say Sn 
Sesion katt mite 
mediate Tetcheripesihe! a penmamacaditnamabe 
Tepreerna permeate sel cid fakin 
Sefttondportanietthenpor-Tbe Ue 
Sacievcapbecat rcs Vasa mabe th a 
SSolancncnsracteter “Seremban ae 
corvening cece Falta nema 
aie Ee a or 
311.2 Sonar Valves ane wns 
‘Thesevalve body styles aredesignedta ONS 
Bhviheutmgarasrandafe”—*Siiaiing digest 
iran borcer Shes el sted earn Pace 
kts The standart hee {ejand tearinPace (SP) 
“industries differ from those that apply to apeacallent 
+ verre machined 316 sles 


‘conventional contralvake designs 
[Because Inmanyapoieatons, he Stee vith clamp or optional 
proces ud wil ultmately be oe butt eld-ends. Other materials are 


human consumption Forth reason, it _ “He akoptions 
‘Gofutmostimportanceto prevent the Continuous sterile steam 
‘evelopment bactorl growth and Spilations wth temperatures 
theaddtionofforeignmatteritathe pro 177'C(AS0'F) canbe 
process ud secommodsted. 

2.1.3 Rotary Valves 


212 1B oe tades m= : 
|= Bodies require minimum space for | utterly a ed 
tat a3 3) eee | 
s teypeaetnpresnels fo 
Srugiherae ER | espe [seo 


* Butera bodes after economy, 
particulary inarger ies and flow 
‘capacity perinvestment dlr. 

1 dois mat with tandad raised 
face ASME and DS Ranges: 


= Buterty ave bos might equi 
highoutputor large actuators tthe 
salve stg the pressure dep S| 
high because operating torques 
might be quite age 

= Unt are avaiable for serie 
clear pawer plant apletians 
ich very stngenteskage 
Fequremens. 

standard buttery ales ar avaiable 
insles through NPS 72 (ON 1800} or 
‘miscelaneous conto vale 
applications. smal ses canuse 
‘erslone af wadtonal phragm or 
ston poeumatlc actuators, nding 
the moder oat actuator styles. 
Larger sizes might equi ih 
output eect longstroke 
peutic cylinder orelecto 
hydraulic actuators Bute vas 
{yplealy exhibit an apprimatey 
ual pecentage fon charactors 
“hey canbe used forthtting 
sevice or fer onjofeontra. 


Both single and double ofsetbady 


type valle nbuttery vale 
Dade 


Fae acre ate 


1 The dskrotates away rom seater 
1S degre oftrve helps extend 
the sel fe and ale for lower 
torques ighteshutof han 
tradional modal 

‘Thetable specifies ost derntiton 

beteen se, 


Fae Remand 


* dies ar avalible wth ther 
heavy-duty or PTFE filed compostion 
ballsea ingto provide excelent 
rangeabityinexcess of 300-1. 

* Segmented Bal control valves are 


jalable in fanglessocanged- 
body end connections. 


1 Hot fanged and langeless vale 
‘mate with ASME lass 150, 300, 0F 
{600 ange. Desgne ae azo 
ialable for DN flanges, PNIO, 16, 

ere oer 25, or 40 10K and 204 flanged 
esgns areal avaiable 


31.3.2 Segmented Bll ole Bodies 3 


‘Thisconstruction ainiartos 
conventional ballvabe but witha 
patented, contoured V-notch segment 
Inthe all Figure 3.)-The natch 
produces an equa-percentage Now 
harateite 


These contol vais have gpd 
‘ges cntol nf at 
“Spb fheyopeinty, er 
‘ie sapere 
fewer andpesanteees 
‘Sct type le eign 
Eneren les adorl optosin bal 
‘slr medentenone sn eoftaton 
mucian 
fer Fie 3.10 forthe ptr 
reavtaton doesn 
* Sra threuhfow enn can 
pier ie 
+ otha cna ale bodes re 
Suede cotl crs pr vsens 
ta pepersnck erates 
Cong ned oes 
1 They esac ingen y 
‘Ehret cece 
et pa tay ahs 
+ Thal emasin contact 
‘Sarna pes 
Shoneticar aller 
admins cain 


3.1.3.3 High-Performance Butterfly 

Vote Bodies 

1 These bodes offer effective 
throttling contra 


1 High performance buttery contol 
‘ale bodes provide near fow 
Guracterste trough 20 degreesot 
isk rotatin Fue 3.1), 

* Dauble offset mounting of ek puls 


Ita rom the seal after tbegins 
toopen, minimizing sel wear 


1 ugh performance buttery contro 
‘ale bodies are avaiable nies 
‘hough NPS 4 (ON 1200) 
compatble wth standard ASME 
anges. 


Farhan ay Goo 


1 They use standard ping and 
aphragm, ston elec or 
‘ecto hydraule rotary actuators. 

' Standard flow directions dependent 
cnscldesign:reversetlowresusin 
Feduced exp, 

‘gh- performance buttery contra! 

‘ales ar intended for general sevice 

{pplatlons not requiring recon 

‘throtting control They are requetty 

‘sedin aplieations requiring age ses 

and bigh temperatures dueto ther 

lower cost elative to oter styles of 

‘Gnttolvaves. The contol ange forth 

Style of ales approximately one third 

sage asbllorlobestyle valves. 

Consequently, adibonalcarels required 

Instaing and applying this style of vale 

twelminate contol problems associated 


with process ad changes. They work 
{ute wel fr constant process aad 
Spplieations Designs sing 
‘haracterzed contour ae abe ta 
expand the contro range to that of 
‘segmented ballvahe 


4.13.4 fcenticPlug VoveBodles 


1 Vale assembly combats erosion. The 
rugged body and im design Randle 
Tempertursta 427" 8007) and 
"Shutoff pressure dope ta 1500 pt 
(103 ba), 


* The path ofthe eccentric se 
mminfizes contact ith the seating 
‘then opening feducng set wear 
Sndtian, prolonging sat te, and 
improving thotting peformance 
(gure 13), 

1 Sat centeriog seating and eugged 
“seal forward or reverse ow 
‘ithigh shut nether drecton, 
Disk, seating, and retainer are 
salable in ardened materi, 
incuding eramis, for slecton of 
soslon resistance. 

1 Plug, seating, and retainer are 
lable in tdened mater, 
ineuding crams and cade, for 
Improved section of erosion, 
resistance 

1 Btdrectonapresureassstedseal 
fing option avaiable that prove 
excephonalgheshut of 

* Desert teing asennad ach 
ballin place oftheplugfrhigher 
‘capac requrements are avatabe, 


cary . 


Tine 12 rs a a on 


‘Thistye of rotary contol vahe sts 
rosie. coking, nd other ha-to- 
‘andl ds, providing ether rotting 
‘er onjotf operation. The Rangedor 
Aangeless ales feature stearlined 
owpassages and rugged, metal tim 
components for dependable service n 
slut applations. These vabes are 
‘edn mining petroleum ening, 
ower and pul and paper nds, 


the system, this rlates to adatona 
process conral ag Areduced bore 
brattrusted device absorbs 2 ssl 
amount of pressure wide open; asthe 
balrotates, increasing pressure drop 
‘ccurin the festncrements of rave 
Fullportballvaes present litle or ao 
restnctom lo and allo for ggg 
(when no attenuated) See gure 3.14 


to 


sr oa a te eh 


3.1.2.5 ullPort al Valve Wades 


‘The fulk port balan is 
designed or optimized pressure, 
{rotting fo, and process conol 


“Emerson has special design tree pace 
trunnion mounted ful bore cana) 
‘ales designed for automated contain 
bypass, batch, mont and emergency 
shutoff service appeations, and it 
‘resents itle oF no estietion flow. 
{These valves are fie tested nd certified 
fac AP and FA 


“ypeally there isan option for 
attenuation ta contol oie and 
“ration n ulrbore ales 


Aballalve as throng conte device 
‘deal leareduced bore product, of 
{ulkbore mechani than attenuator 
‘thatabsorbs some smal pressure drop 
Inthe wide-open poston. full-port 
balla, inthe wide-open postion, 
smustrotate 15t0 20 degrees before 
absorbing any signfcant energy rom 


Zz 
J 
an 


21.2.6 Mult Prt lw Selector 


‘Amult-port ow selector vale 
connects to elght put ines, allowing 


{orth olton,deson and 3.2.1 Screwed Pipe Threads 
texting ffi romanyindviual—oeegengegnnetons popular 
Inetivougharotaingplog nie ‘Stewed end connections, pop 
theremalnng seven ines continuo : 
economy than ange ens. The tres 
fewtoacammongroupoutet THs) sual specfed are tapered emaleNPT 
phe powgescmpect sect 204 atone Tread) the vale 
een le foe body Thy frm a metal ome sel 
Tnetortetng withoutdsrupigthe POU. They frm ametabio met 
production romallather lines Pomme te netnas 
Themult-portowseectorconsts The 
ae connection ye usualy ted to 
fourmalncomponens they. aly NPS 2(ON50) smalls, not 


‘bonnet. cotorplug.andacustor The Yah Nedieccreites Reet 
Sey consstof inet andautetprts ey Vale maeance ght 


Scncattetry comhaen ec 
Caicaly abneal oreeeasuntrthe ‘body out af the pipeline because the 
SSranipeoeraghsningione Yamatberenowd wth 

vahebody Tepgissedto select Peolingafiangadiontcrunon 


test utlet par + 
4.2.2 Bolted Gasketed Flanges 


Fanged end valves ae easly removed 
fromthe piping andre sutablefor use 
through the range of working pressures 
forwhich moet cantolvae are 
‘manufactured (Figre3.17).langed 
fend connections canbe used ina 
temperature range rom near absolute 
2er0to approximately 815°C 1500") 
They arewsedon allvave sues. The 
‘most common flanged end connections 
Ince toc, rae face nd 

"ing ype jit. 

The at-ace variety allows thematching 
Aangesto be in full face contact with the 
{aster clamped between them. This 
neruction common used now 


3.2 Control Valve End beara eal fom, ae hl and 
Connections aed 


Thetineemetcistsninieeatientect ‘The raised-tace flange features a ciecular 
stg conalatesitoppenes jcc wih mecca 
te bymeatsclscevedripe teats, Se sth vae opening and wth the 
he ase fanges.andvelied Se guntesemethng es at 
sndcomectos the bere dete: Teaed ce 
itt hence cra 


‘grooves for good sealing and resitance temperatures and are economicain fist 
Togasetblowout Thiskind ofangels cost (Figute 3.18) Weld-endvalvesare 
‘Sedvithavaety ofgisketmateras—moredfiaut to take from thee and 


and fange materal for pressures 2eobviousy limited weldable 
"through the 6000 pig (14 at) Iateal. Welded ends came into 
presurerangeandfortempertures _Syls-socket weld and but wel 


{hough 815 (15007). Ths styleof 
Alanging is normaly standard on Class 
250 aston bodies and al tela 
alloy steel Bodies. 


EB, ai, 
i: 


Re or 
ie teen ti 
) ‘The socket weld-ends are prepared by 
ey torngineachend ofthe ave socket, 
ed with an inside diameter slightly larger 
Sm thane pipe cute amet Te poe 
Regia re slips into the socket where rbutts 
gait shoulder and hen anette 
Therngtypejontfangelokske _aewith aie ela Snes it welt 
Thevouedfcefangecrcpttara Sos ntlyentstethevahe pe 
Ustapedareevelecutintnerabed conection somenandestucive 


face concentric withthe pipe center, methods are not used or these vas. 
‘he gasket conse ofsmatalring with Socket weld ndsin any given sae are 
cetheraneliptialoroctagonalcrase dimensionally the same regardless of 
Section When thefangeboltsare pipe schedule. They are usualy furshed 
tightened the gaskets wedgedinta the Inszesthrough NPS2 (ON 50), 

‘groove ofthe mating anges anda ght the butt weld-ends are prepared by 
Sealismade, The gaskets generally soft joyelng ech endofthevae to match 
lronbutieavalable nalmost any meta. Sebextiontheres teva 
Thismalesanexedllentjont thigh End ae then one to the pipeline and 
pressure andisused upto 15,000 sia joined witha full penetration weld. Ths 
(03éban, buts generalynotused at {ype pint canbe sed on alvave 
high temperatures. tisfumishes ony syles. Theend preparation Is cerent 


consteslandalloyvahebodeswhenjgreachsehedule tine These se 
spectied. generally fuashed fr contra vaesin 
Stes NPS 2-1/2 (ONES) and ager, Care 
32.3 Welded End Connections pus be exercised when welding vabe 
Welded ends on control valves are Bodiesin the pipeline to prevent 
lesktight all pressures nd eacessve heat transmitted to valve trim 


pars Tes with w-temperature 
{ompostion materials must be removed 
before welding 


3.24 Other Valve End Connections 


‘There are othertypes of end 
connections used with contra ves 
‘These types of end comectonsoftn 
sarvespeoic purposes orrefect 
proprietary designs. Some examples 
Include tyglenic end connections oc hub 
endcannectons.« 


3.3 Valve Body Bonnets 


‘The bonnet aa contol valve that part 
cf the body assembly through which the 
‘ale plug stem or rotary shaft moves 
‘Gn gobeor angle bodies, isthe 
pressureetalnng component for one 
fendof the valve body Thebonnet 
‘ormall provides ameansof mounting 
theactustorto thebody and hoses the 
packing bow 

‘Generally, cotary vale donot have 
‘Bonnet (On some rotary valves, the 
packing Shoused wthinan extension of 
‘thevalve body sl othe packing box's 
separate component bolted between 
thevahe body andbonnet) 


Fe pti ges 


‘On. typica globe-sye conta vave 
body thebonnets made ofthe same 


material athe va body orsan 
‘quiaent forged material becauseltisa 
pressure-containing member subject 0 
the same temperature and corrsion 
sffects the body, Several styles of 
\alvebodyto-bonnet connections are 
Iiutrted, The mast common bated 
flange pete shown in Figure 319 f 2 
bonnet wih an integral ange. a rotary 
contralvalves. the packing typically 
housed within the vale body and 
bonnet lena used 


‘Oncontrl aie bodes th cage-or 
Felanerstylettim,theboanetfumshes 
loading force to prevent leakage between 
the bonnet lange and thevalve body and 
albobetweontheseatringand the vabe 
indy. The tightening ofthe body-bannet 
bolting compresses aa shee gasket to 
sealthebody-banne joint compresses 
Spira-wound gasket ontop athe cage, 
ad compresses another fat sheet gasket 
below the seatingtoprovdethe seat 
ng ody eal The bonnet aso provides 
Blghment foc the cage, whch tur, 
‘ules the va lug, tv ensure proper 
‘ale pli, and stem algnment wih the 
packing and seating 

‘As mentioned the convertonabonnet 
‘onaglobesype conta valve houses the 
paceng,Thepackingls most ten 
Fetainedy apacng ole, heidi 
lacey linge onthe yoke bos ares of 
the bonnet (igure 3.19) Analterate 
‘means f packing retention where the 
packing follverlsheldinplace bya 
Scrowed gland This atemate is compact. 
Soltisaten used on smalleantrol vanes! 
however, the sereannot aways besue 
thread engagement. Therefore, 
‘alton shouldbe used in adurting 
packncampresion won the cntrol 
(ale inservice 


Most bolte.tange bonnetshavean 
exon the sd ofthe packing box 
tnhich can bell an tapped. This 
pening Ie cosed with standard pe 
lg unles one ofthe folowing 


conditions ents: 


is necessary to purge the valve 
Body and bonsetot process fd 
\thichcasethe opening can be wed 
$sapurge connection 

' The bonnet opening isbeing sed to 
detect leakage ram the fists of 
ackingor rom 3falled bellows seal 


133.1 Extension Bonnets 
“Estesion bonnets ate wed fret 
high olow temperature service t0 
protect vaestem pacing rom 
extreme process temperatures, 


& 


Standard PTFEvave stem packing 
‘sefulformost applications up to 232°C 
(450°) Extension bonnets move the 
packing box ofthe bonnet far enough 
Say rm the extreme temperature of 
theprocese that the packing 
temperatute remains within the 
recommendedrange. 

Extension Bonnets ae ether castor 
fabrcated (Figure 3.21). Cast, 
extension offer etter hgh 
temperature service becaise of greater 
‘eat emisity, which provides beter 
‘cooling eect Conversy smooth 
Surfaces-such a those faeated rom 
Stainless stel ubing-are prefered for 
‘old servis because heat fais 
‘typically the major concern, 
Inethercase extension wall thickness 
‘shouldbe minimized ct dawn eat 


transfor Stainless ste 6 usualy 
Preferable carbon steal becatse ots 
Fewer oefilet of thermal 
conduetety in caldservice 
pplication, insulation canbe added 
oundthe extension to protect further 
Sganst heat an 


pee ott dese 


4.3.2 Bellows Seal Bonnets 


Bellows seal bonnets (Figure 322) ae 
used when no leakage less than 110° 
else of helium) alongthe tem canbe 
tolerated. They ae often used when the 
process fils ton volatile, 
Fadoactve, or very expensive. Ths 
"perl bonnet canstucton protects 
boththe tem andthe vive packing 
from contact with he proces i 
Standard or environmental packing bo 
‘onetrction above the Bellon seal 
‘nit prevent cataetrophicfalre in 
‘case of ture oalure ofthe bellows. 


swith ther contol vale pressure and 
temperature imitations, these pressure 
ratlngs decease with increasing 
temperature. Selecton af aballws seal 
fesgn should be aetllyconidered 
‘it particular attenon to proper 
Inspection and maintenance aftr 


\nstalton. Thelin material should 
‘ecareflyconsidredto ensure the 
‘maximum cycle 


‘ener 


3.4 Control Valve Packing 
Most contol valves use packing boxes 
with the packing retained and adjsted 
bya ange and te bls (showin. 
Fgure 3.25) Several pacing materials 
‘canbe used depending on theserice 
Condlons expected and whether the 
pplication requires complance to 
emviconmental regulations. Brot 
fesciptions and service condition 

TT _ __tiatine fr several popular materials 

Faron Boe and typical pacing material 


Twotpesaftelowscldegnsanbe saiementsae shown Figure 3.24, 


Wiener serene 
hectare SA20Eag 
Treneldaldesgn gue 323)ties "iterate bity 
‘ort pcoge age tte 


* Moldedin-shapedringthatare 
‘rethod of manufacture anginheent 
niet rented "pring looded and self auting in 
‘eta erce Me ye bre th packing bax. Packing lubrication 
Isnocrequted 


1 Resetantto most knoum chemicals, 
except molten aka metal 


1 Reques extremely smooth (2 t04 
rmro-inches AS) stem finish seal 
proper, Willakifstem or packing 

cai Surface damaged, 

‘The mechancaly-formed design Faure» Recommended temperature Ks: 

3.20 stallerby comparison ands ieee raion 

produced with amore epestable 


‘manufacturing process and, therefore, * Notsuitabl or nuclear service 
‘her reliably. = becase PIE easy deste 
aan. 


‘iar rc lrg fi Geb ae Bae 


3.42 Laminated and Filament 

Graphite 

* Sutable focal igh temperature 
Service and nuclear service or where 
lewehoride contents desiable 
(Gradecr). 


1 Providesleak-ree operation, 
highthermal conduct n long 
Service, bu produces hgh stern 
freton and resutant hysteresis 


Impervious to most hard4o-handle 
uid and high eatin, 


* Sutabietemperturerange: cryogenic 
temperatures down to-108° (325) 


' Lubrication snot required, but an 
textenion bonnet or ses joke 
Should be used ten packing box 
temperature exceeds 427°C (00) 


4.4.3 US. Regulatory Requirements 
or Fugitive Emissions 


Fugitive emissions ae non-point source 
‘volatile organic emisions which suit 
fom process equipment aks. 
Equipment aks nthe United States 
fave been ectimated at ver 400 millon 
pounds per yea Strict government 
equations, deelopedby theUS, 
‘Sctateleak detection andrepair 
programs (LDAR). Vales and pups 
Favebeen entities ey sources of 


fugitive emissions. For vale, thisisthe 
leakage to atmosphere duet packing 
seal or gasket ales 


The LDAR programs equi industry to 
‘monitor allvavescontrl and nan 
contra) tan interval thats determined 
bythe percentage of ves found tobe 
leaking above atveshold ev 500 
pm Some cities usea 100 prov 
‘rtra). Thi leakage evelis so shat 
Yyoueannot se ort The useaf 
Eptisted portable mantoring 
equipment required fr detection 
Detection occurs by sing the valve 
Packing ara fr leakage ung an 
Environmental Protection Agency (PA) 
protacolThisls acer and 
burdensome proces fr industry. 


The regulations do alow forthe 
extension of the monitoring period for 
Upto oneyearifthefeiity ean 
demonstrateaverylow ongoing 
percentage of leaking valves ess than 
1.58 the total vale population). The 
‘opportunity testend the measurement 
FRequeneyis shown in Figure 3.25. 


Packing systems designed for extremely 
low leakage requrementsasextend 
packing sealife ad prformanceto 
Epport an annual monitoring obecthe. 
‘The ENVIRG SEAL packing sytem one 
example. ts enhanced sal ncorporate 


aa 
== Fa 


‘ar eae gu es ag Ge HOS 


four key design principle the that was created to enable cassfiation 
Containment! the lable seal materal of perfomance of diferent fugitive 
through anant-extuson component, emission designs andto define the type 
proper algnmentofthevale stem or testforevalstion and qualification of 
Staftwthinthebonetbor, applying vals where fugitive emissions 
‘onstantpackingtesstrough Blevile Standards are specied 

springs. and minimizing the numberof Type esting means that the qualification 
eaogstoreduce cnsldaton, ati pertmedonanevabe and 
Sen eee Se packing system design and any 

‘The radtonal va selection process Guaifeation i passed onto lvahes 
meant choosing avalve design based on produced ta that packing design Type 


Itepreseureand temperature testing fers fom $0 1584-2 
‘apabiltis, ow characte, and__productontesting, whichis 
‘material eompabbiity Whichvahestem —qualicatontest done atthe time of 
packing to use inthevalve was assembly and can be dictated for more 


‘etermined primary by the operating than one valve asemby. 


emperatucelnthepickingboxstea- 50 ysg4g-t covers both contol valves 
Theavlablemstealchoxesincuded 50 (S4A#-1 emersbot conta 

PTFE for temperatures below 93°C Faecal cyl equements forthe 
(Reread papi forblghas- ‘90 types of valves fer as shawn in 
temperature applications Figure 3.26 Mechanical cycles ae 

Today, choosing avahe pacing system performed 10% lave on both 
febecome much more involved eto Sides ofthe So travel poston forcotral 
humbe of considerations, ‘ales and lst foreoatlon ae. 


Like other fugive emission standards, 


3:44 Global Standards for Fugitive 50 384-1 lays out aqualcabon test 
Bateson thatincudes several combinations of 
|S0 1584s the ntemationa leakage classes, thermal eyes, and 
(Organization for Standardization’ (80) mechanical yes. There are several, 
standardfor measurement, test and notabedferences between SO 
{qualification proceduestoctugive 5848-1 and government equtements 
mcsonsof nds valves SO andstandards of US on suchas LAR 
1SB4-tIachssiicaionsysiem and andANSIFCIOT-1standardfor 
qualification fortypetestingofvalves quaiicaton of controlvalve stem sas 


ANS/FCL9T- requis the sniting| 
‘methad" per EPA Method 21 fora ‘pam 
{oneenraion reading and ites 100ppn 
{and S0dppm with various cyl cases, 
asshown in Figure 3.29. 


150 15848-I species etherthe vacuum 
‘er fushng" total leakage" 
‘ezsurement methods described in 
‘nex ofthe standard, 


Lenkage recorded ae leakage ate per 
‘mearured stem se Neither af these 
‘methods can be corelated ith EPA 
Method2 (sing method) andisO 
1584-1 states theresa coreation 
Intended between the ghtnes classes 
‘en the text aid isha and when 
thetest uid lemethane See Figures 
327and3.28 


‘ke [matanca |" ump.) [603587 ware cnet 
pe | eee | tage _| nest nd pr 
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| somo [= 0 — 
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Today. choosing ava packing system 
hae become mach more invalved duet 
2 number of cansidertions For 
example, emissions corral 
Fequiremants-such a thove specified by 
the Clean Act within the US and 50, 
13848 ana global basteplace tighter 
restctions on sealing performance. 
Contant demands for mprovedpracess 
‘output mean thatthe vale packing 
System must nthindarvave 
performance And today's trend toward 
vended maintenance schedules 
tates that valve packing systems 
provid therequtred sealing over 

longer pesos. 
LGenthewidevanety of ave 
Zpplatons and serie conditions 
within industry these variables (sealing 
ability. operating fiction eves, 
perating fe) are dificult quantity 
Bhd compare. Figures 3.31 and 4.32 tse 
{anengineeed approach n providing a 
Festive evaluation of packing 
ppl and performance. But fist, 
proper understanding of the ables 
requires acaficaton of tradenames. 


2.4.5 Single PTFE V.Ring Packing 
Thesingle PTFE Ving arangement uses 


a callpring between the packing and 
packingboxcing meets the 100 ppm 


cme | “Tomtieog | Temtoee | Rees 
a Toa z Tepe 1 


Fae 979 aap aay 
criteria for siding stem vas, assuming 
thatthe pressure doesnot exceed 300 
5120.7 bar and theemperaturels 
between 18°C and 93°C (OF and 200° 
Single PTFE V-ing packing does not 
‘omevith low emissions tera for 
‘etary vahves leaflets very good sealing 
performance with he lonest operating 
‘ction See Figure 3.30 


34.6 ENVIRO-SEAL PTFE Packing 


‘The ENVRO-SEAL PFEpackingsystem 
‘sanadvanced packing method that 
Ltles 3 compact, eoad spring 
<esgn suited environmental 
applatons upto 750 psi and 232°C 
(G17 barand 4507), While ts ypcally 
‘thought of as an emission-reuing 
packing system ENVIRO-SEAL PTFE 
packing alo suited to non 
fenwtonmental application ivoling 
‘gh temperatures and pressures, 
\eding the benef longer, ongoing 
{rv fein both sing. and 
‘ofary valves. See igure 331, 


2447 ENVIRO-SEAL Duplex Packing 


This speci packing system provides the 
capabilities ofboth PTFEang graphite 
omponents to yield alow ricton, ow 
temission,fire-tested soton (AM 
Standard 589) for applications with 
process temperatures upto 232°C 
(4507) insing stem vals. Rotary 
valves ar not avalable with ENVIRO 
SEAL Duplex packing See Figure 3.32. 


24.8150 Seal PTFE Packing 


Thispackingsjtem is designed for 
pressures exceeding te capable of 
ENVIRO-SEAL PTFE packing or 
feronmena serve es avalable or 
‘sein bath sing stem andor vas. 


34.9 ENVIRO SEAL Graphite ULF 
This packing systems designed 
primarily for environmental pplations 
temperatures inexcess of 232. 
(4507). Te patented ULF packing 
system ncoyporates very thn PTFE 
layers inside the packing rings as wellas 
{Hin PTFE washers om each side of the 
packing ring. Tis strategie placement 
Df PTFE minimizes conta problems, 


~@ 
cs 


a a) 
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‘reduces ction prometessealingand 3.4.13 Graphite Ribbon for Rotary 
fextendsthecyele feof the packingset. Valves 


peieds Graphite bon packings designed or 


EIONOCHSEAL eplite EE etisteperaeraragi am 
ential totheeNviROSEALgaphte —“Fonea sane aoste toa 


LUE packing jst below the packing 
Follower the HIGH-SEAL system utlaes 3.4.14 Siding-Stem Environmental 


teavy-duty. large dameterBlleile Packing Selection 
springs. These springs provide aditional 


‘Blowertrveandcanbecaibated Aire 33Sprovidesa comparison ot 
Withaload scale foravisalinletion of Yariossiding stem packing selections 
packingload and wear. Sal arelative ranking of seal 


performance, service life, and packing 

134.11 150-Seal Graphite Packing ‘ton forenronmentl applications 
Braided graphite lament and double 

Thispackingsystemisdesignedtor pire arenot acceptable environmental 

temperatures exceeding thecapabities Canina soutons 

‘of ENVIRO-SEAL Graphite ULF packing 

anbeusedtram-46¢0400°C(-S0% 3.4.15 Rotary Environmental 


7S2'for eniconmental service tis panko 

‘nalableforiseinbathsldngstem and Packing: 

‘otaryvaies gure 3.36 applies to rotary valves. 
the ease of retary vas, single PTFE and 

324.12 ENVIRO-SEALGraphite for state nbbon packing arrangements 

Rotary Vales donot perorm well fugitive emission 


[ENVIRO-SEAL graphite packings sekasatets 
‘esgnedforenvonmental applet The conta of vale ug emissions 
fomewstecQomeoo heron andareditionin industry scortot 
those applications wherefresafetyica_ regulatory complance canbe achieved 
Concer Iteanbeusedwithpressores up though these stem sealing technologies 
101500 pi (103barjand sitet the Whe ENVIRO. SEAL packing systemshave 


1OOppme EPAlestagecrtaria The beendesigned speccalyor fugitive 
ceertsabeaeedoptestTe poo) emsion aplestions, thse technologies 
{fused isnon environmental ‘so shouldbe considered for ary 

Sspplitions See igure 334, pplication where seal performance and 


Stall tavebeen an ongoing concern or 


i 3.5 Characterization of 
Cage-Guided Valve Bodies 


“HID inatetocies wth cage udedtin.the 

Sprott fo operands 
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thvoughthevale Stndardeageshave 3.5.1 Characterized Valve Plugs 


‘eendesigned to producelines, a hicplis asia pals 
ua percentage and quip a ence, 
bs ener. a ge ajobe-sile contolvahe assembly, 


Provides avaiable restriction eo ud 
GGareetzatonmayabobe salable, Prot: avaiable retin 
Notethe dflerencerintheshaper ofthe 

designed a provdea spectic How 


{Sgewindowe shown infigie 37. The 
{ow atefrireatonsp prided 
‘oheruingthesecagestsethertbe 
lear quce-opering ore ‘hut or nage stance opal 
percentage ces shown or contoured 

‘he pigs igure 338). The contour ofthe ale pug utace 


next tothe seating nateuentalin 
age-guided trim allows forthe eer ee ee 
inherent flow characteristic ofthe vale ysrcteatic of plg-characterzed 
tobecasly changed byinsalings  Chavacteisticofaplg-charactezed 
<ilerent cag. nerchange of cages! Yas pug through travel range, he 
[rede teste resectreh Unobstrueted fw aeachangesin sie 
characteristic des not require changing ee enc cantecrat 
thevale plgorseatng.Thestandard  Ghlstsbe ep 

‘ages shown canbe used wth ether 

‘anced or unbalanced tim 

‘onstruction. Soft esting, when 
‘eauied,savalable a aretanedinsert = 
‘nthe seat ring ands independent of, 4g i ia} 


‘haracteristic permit specie 
‘manne of guiding oalgnment wth 


Soeorvabe ngs 
Coemterhangty on benended a 
‘erpeeedenne dent once = 
teccatmtiotereariatcvaen- To 
a ee 
oer how heater ba egue 

Rovtbetespeedieion ugh 
Ropuatahetsetete gamma rae 
mesaryireetetenebeymne Seas 

Di tan prope dae 


Whena constant pressure iferetalis 
Imaltalned across the va, the 


E ‘hanging eatonship between 


percentage of maxmum flow capacty 
En percentage of total avel range on 
in portrayed (Figure 338), andis 
designated asthe inherent ow 
tharctesticothe ale 

Commonly specid inherent ow 
‘haacterties nude near equal: 
percentage, and quik-opening, These 


f Ere described urtherin chaps 3.» 
ated av) 


ated ow Cooicent(X) 


sequen bt thsi capscty 
= aa Sees cage and seat rng 

Asets sateen te sey eet 
pes a errs 


ns Anes sured when the valve cles, 
wy LESS = tp coding the vabe gts 


‘ined bya singe guide hing n 
the bonnet orvalve bods, orby the 
packng rangement. 


hekapoit crane = Stem-cuding: the valve plugs 
lgned withthe seat ing by 2guide 
fushinginthe boner tha acts an 

3.6 Valve Plug Guiding the valve plug stem, 

Accurate guidingofthevalveplugis | Lange bodes wth restricted-apacty 

‘necessary for proper algnmentwththe " trmeanbe used toreduce let and 

String and efcent conolof the ute uid eoctes 


proces ud. The emsmon methods 


{hed andtheienames ar generally ‘ete 


reducers can be avoided. 
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Cienytianteess gpg 
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‘noha he te ore Sethe = 

Comet eneanienimarese oar z 

Sonomtnaaiyarnctee ape 

Siaeatogsignren essed “pS 

Giovtnrehe chee is < 

Top ond eto Cag Te vabe oo 


plugs algned by guide bushings in he 
Sonnet and borin flange see igure 

35} Thisstyplalyfoundin double- 
potted constructions 

Pore-Guldng Thevalve plug is aligned 
bythe vabebody port» 


3.7 Restricted-Capacity 
Control! Valve Trim 
eather eons 
eee 
ere 
eee 
beprlenielipei feicinigicapeciances 
Season ais ane. 
Se ees 
Peo en ey le rer iia 


Toa 
igcadegmconrier 


ith age-quled wimoften chive the sping-and-daphragm paeumatic 
Feduced-apactyeffectbyusingvale actuator smost commonly spectid 
‘plug cage, andsestringpartsftams due toitsdependablyandsumplisy of 
Simallervahesizeofsimiarconstrucion desig. Preumatiall-opeated piston 
and.dapterpiecesabovethecageand actuators prove igh stem force 
below the seating tamtethowe smaller outputor demanding service 
pariswiththevahe body (Figure 3.42). conditions. Adaptations ofboth 
Because reduced apactysenvice snot Sping-anddaphragm and pneumatic 
‘usual most manufacturersprovde piston actuators are avalabe for direct 
‘eadly arable trim part combnations instalation on rotary contalvales. 


toperormthereaured function.» 
5.81 Diaphragm Actuators. 
+ Pneumatcaly-operated daphregm 
etuatrs seat suppl fom 
Enntrlers, postion, rather 


1 Various styles inde: drect-actng, 
Inihich the nezeasing at pressure 
pushes the dlzphragm down and 
extend the actuator stem (igure 
343) 

‘TpaciaintetichalirPondoyinicad — * Reverseactng,inwhich the 

wt Increasing a pressure pushes the 
laphvagm up and esas the 

Seas etuatorstom Figure 3.43). 

1 Reversible in which actuators canbe 
‘sembledforether director reverse 
action igure 3.4). 


Preumatialy-operated control valve 
actuators arethe most popular type 
‘Se, but decir, hydra, and mane 
Sctstorsare alo widely used. The * Directacing unit for otry ves, In 


hscAing ene tng 


Fe appa, 


which the increasing pressure ‘up to 150 9 (103 ba) often 
pushes dovmon the aaptragm, minting the neediocasupaly 
Gihich depending onorentaton of pressureragulatr 
theactuatorleveronthe ve shalt,» ston actuators fumish masinum 
‘mayeitherapen arclosethe vive thurtoutpt and ast strlong pest 
Geeriowe4) 1 Piston actuators are double acting to 

‘= Netoutputthraststhediference "give maxmum forcein bath 
bbenneen daphragm force and directions or spring return to 

ing spring rc, rovide faopen ot falcosed 

Sorceis nee Speraton igure 348) 

* Noed dlapvagms provdelinear 
cee eeeedmcieeedtgs, — * Valour acessories can be 


Incorporate to postion double 

ting ptonin the event of supply 

pressure flr, including paeuratic 

' Diaphragm acustrsare simple, trp valvesand lockup ystems. 
‘dependable and economical 


* Outputtinustrequred and supply 
fi pressure avaiable dictate se 


* other versions for service on rotary 
‘ontra vavesincde a siing sala 
the loverendof the eylinder. The 
orm the actuator stem to move 
Faery 3 wall as up and down 
without leakage yinder pressure 
Thisfesture permits cect 
fnnnectonaf the atustr stem to 
the actuator lever mounted on the 
rotary vahe shalt, thuseiminating 
‘ne jit source oflost ation. 


ire 


ie akc ahh eng 


‘iar oapingm arora ae 


32.8.2 Piston Actuators 3 


' Piston actuators ae peumatialy- 
(operated singhigh pressure plant 


eg 


‘ar 9 owe rhs 


38.3 Manual Actuators 


' Manual actuators are useful where 
Sitomatic controle natrequred 
Btwhere eas of operation and 
(good manual contalis sul necessary 
(Figures 248 nd'3.49, They are 
bit eed to actuate the bypaes 
(ahve inathre-vavebypact loop 
Sound contol vabes fr manual 


ontolof the process during 
‘maltenance or shutdown ofthe 
Sutera sytem 
Manual actuators re avalabe in 
‘anus ses for both lobestyle and 
rotary valves. 3.8.4 Rack-and-Pinion Actuators 
Dalndcating devices ar vaable 
forsomemodelstpermaccuate akan pinion desions provides 
reposonngofthevakepugordsk. Sma na econam calor 
‘Mansa actuatorsaremuchless backlash the are typleally used for on 
expensive than automatic actuators, off applications or where process 
eee aii nota cance, 


Rack and pinion design provide 


3.8.5 Electric Actuators 


ectrc actuator designs sean electric 
‘motor and some form of ger reduction 
{lmowe the valve plug (Figures 3.51 and 
352), Whle cect actuatoshave 
trationaly been limited to onott 
‘operation, some are now capable ot 
entinuous canta The use of rushes 
Iotorin electri actuators an reduce 
JanTGina/iGumfanaig seams or eliminate motor burnout assacted 
(reseatamticucrt aes Sem et umingthemotar on andl apidy 
Theil purchase price siltendsto 
remain above hat eum 


actuation. The primary usage af electric 
“cuatonis in arese where Intranet sr 
‘Snot readiyavalable orwherean 
‘nsuticent quantity of vale east 10 
st the cast a compresor sytem. « 


Fie een rey oe 


Freeware 


Senditialiocwe a 


Today,modemcontoleystemsuse vation may require sturdy instrument 
lectoni signaling ta command the mounting rugged intemal mechanisms, 
‘ontolvaveto open, close orthotle, of remote mounting capably. 
‘Additional these systems use postion Wighlevele of hum can ea to 


feedback signal and dagnoste corasion. so protection of electrnic 
Information tovalatetheoperation components may be necessary 
fltheconttolvabe.Furhermore.the  Hazadouslocatons anfalning gaseous 
performance expectatonsof contol orduty atmospheres ma) req 
Nalvesintermsofspeedof response, instrumentation thats designed using 


‘accuracy, stablty. reliability andssity protection concepts suchas lameproot, 
\arybasedonthe process control needs. explosion proo. intrinsic safety, or 
Because contalvaesareimtaledin norineendve. Thee environmental 
‘many different andunique applications, and application conditions shoud be 
‘ontolvave acessories are necessary. considered when selecting the proper 
‘Accessories arethebrosdcategory of contolvale accessors. + 
{netrumente that re itl connected 

toa contol valve assembly, 


“There are five basic reasons that 4.2Positioners © 
Instrumentation and accesores are common control valve accesory's 
Sxlded toa contra vale: the vabepostion controll, asocalled 


= postioner. The fundamental function 


improve process contol 
vende ‘of apostioneis to deliver pressurized 


"Improve saetyforthe processor S-tpthe vale actuator such that 
Pomel the postin ofthe valve stem orshat 

' improve vale performance orspeed correspond tothe se point fromthe 
sftesponse onto system.Postioners are ypeally 

* Montoro very the vale ‘sed when aval requesting 
responsiveness faction. Apotioner requires postion 


fesdack om the valve tem or hat 
2nd delves pneumatic pressure tothe 
Setuatorto open and lowe the vale 
4.1 Environmental & The pxtoner must be mounted ono 
Application Considerations Sr hyee mancategoiesolpstlones 
Industral plans fctoces, mines, and dapendingon thetype of contra signal, 
rilsexperience toughenvironmental the dagnosticcapablty, and the 
Condtionsduetather geographies! communlationprotocal 

location and the procesesimvolved 

Inmanufactringther products Asa 4.2.1 Pneumatic Positioners 

‘sult vaesandinstrumentsnthese The frst category of positioners 


1 Dagoose potential ave isues 


facliies mustberuggedandrelable, are pneumatpetoner Legacy 
Amblent temperatures for processing unis may use peutic 
Instrumentation can range om-60 pressure signaling asthe contol set 
to125'C 7610237) Crone Pinto the contol vaes Pressures 
Sstmogpheres, such arcalbwaterand typically modulated between 20.7 to 
hemial exposure, may require 103s (31015 psig) tomovethe vabe 
Stainless stel or engineered resin from ta 100% pesiton 

‘materiasof construction. intense Inacommon pneumatic postloner 


eer 


<esign (gure 4.1), the poston athe 
‘ale stem or shafts compared with the 
postion ata bellows that recovesthe 
‘peutic contra signal. When the 
{nputsigal increases the bellows 
‘expands and moves abeam. The beam 
ots about aninput ax, which moves 
Mapper loser tothe nzze. Thenazzle 
ressure increases, which increases the 
Sutput pressure tothe actuator though 
{pneumatic amplir ea. The 
Increased output pressureto the 
actor causes the valve stem tomove. 
‘Stem mavernent fad back tothe beam 
bbymeans of acamt Asthecam rotates, 
‘the beam pots about the feedbacks 
tomovethe appr sly away from 
thenavl, The nol presure 
ectenes and reducesthe ouput 
ressuretothe actuator. tem 
‘movement canines, backing the 
{apperanay fom thenazzle unl 
cequlibeum reached, 


\When the input signal dares, the 
‘alos contracts (aided by anita 
‘ange spring and the beam pets, 
boutthe input axis to move the flpper 
‘any rom the nozale, Nozze pressure 


decreases and the rea permits the 
release of daphragm casing pressure 
tothe atmosphere whichallowsthe 
2etuator stem to move upaard Trough 
the cam, tem movement fed back 
tothebeamto eposton the fapper 
‘dos tothe nae When equllorim 
Eendtlon re abtained stem mousment 
Stops andthe laperspostoned tn 
prevent any further decreasein actuator 
pressure See igure 


Postioners designed for ucesr 
ppliations, whch are qualiied 
ommeeal grade dedicated under 
{OCFRSO, Appendix quay seurance 
programy ndue mater that provide 
Superior performance at eewated 
temperatures andradation ves The 
‘-ngs are made of EO etylene 
propylene) andthe daphragms 
EPDM met-aramid. POM 
“bemonstrates supe temperature 
‘capably and sh fe overnite 
Themeta aramid daghrag fabric 
demonstratesimproved strength 
Fetetion at elvated temperature 2nd 
radatoncondions. 


422 Anologl/P Positioners 


‘The second typeot postion isan 
analog /P postion Most modern 
Processing units use ato 20 mA DC 
Signal to modulate the corral ves 
‘hisntradces electronics inta the 
postioner design and equtres that 

{he postioner conver the electronic 
‘curentsignal nto a pneumatic presure 
Signal (curentto-preumaticar/P) The 
‘peutic converter combination 
‘th eleto-preumatie converter 
‘becomes the analog postione. This 
Integral electo-pneumatc converter 
‘canbe factory installed or stalled 
Inthe ld on exiting postiones. 
‘Upgrading anenlstng pneumatic 
postions by feidinstaltion of electo- 
‘pneumatic converter by changing the 
‘xstingpostloner mounting andthe 
‘put signal ange. 


natypicaanaog iP postioner (see 
gure 42anda3} the converter 
receives 2DC input signal and provides 
‘proportional peumatic output signal 
{through a nezlefapper arrangement 
‘The pneumatic outpt sgn provides 
‘the input signaltothe peutic 
postlone- Otherwise. the designs the 
Sameas the peumaticpostiont. 


rere orang 


ase 


42:3 Digital Valve Controller) 


Whe pneumatic postianers and analog 
'Ppostiones provide basicvale 
Postion cota, dgtal veh contralers 
ed another dmenson ta posioner 
‘Capabilities This type of posiones isa 
‘meroprocssor-bated instrument. The 
Imroproceter enables dlagnostics and 
‘wo-tay communication to simpy 
‘setup and troubleshooting 


Inatypieadigtal valve contre, 
the ental signals ready the 
 mlroprocessr,rocesedby 3 dal 
goat, and conertedinto acive 
turent gna tthe /P converte, 

The microprocessor performs the 
Peston cntrel algorithm ther 

than amechanical beam. cam, and 
flapper assembly. Ashe contol inal 
Increases, the drive signa to thel/P 
converter increases, increasing the 
‘utp pressure rom the [P converter 
‘Thispressure routed toa pneumatic 
ampli relay and provides wo 
butput pressures tothe actuator th 
Increasing contro gal one output 
pressure always increases andthe other 
Dutput pressure decreases. 


Double-scting actuators use both 
‘outputs, whereas snge-cting actuators 
‘se only one output. The changing 
utput pressure causes the actuator 
"emarshaft ta move. Valve postion 


‘fed backtathe microproceson Sensors, rave sensors, and intemal 
‘Thestemconthuestamoveuntithe readings, graphs representatonsot 
conc posiionisatsined. APCs centolvalv performance andheath are 
pol, the microprocessor stablzesthe ceatedandrecommended acionsare 
Sve signalto hel P converter unl presented. This inlormation then used 
‘equlibrum obtained foidentty elements ofthe conzl valve 


Thehichpertormancetokageless _=Sembiy that may requ marerance 
fedbacksystem eliminates physical Tese agnostic enable condtion 
Confactbetweenthevahestem and td Petfrmance monitoring ofthe 
‘the digital valve contraler. Hence, Leta adic 
Predator HEE, gg tsactnel controling the proces, The 
‘smaximed.Thepostioner deugn _‘ilalvave controler uses stats 
‘emarmized, The poslone dein | _“Jgotysto determine the condions 


Provides quekresponse tolarge stop andl performance elated sve baced 
enoes oe orsmalset ave readings rom the sensors. tao 


pointchanges 
provides acess toute dynamic 

Inaddtiontathefunctionfcontoting testing of te vale assembling 

the postion ofthevatve, digital ake snature dypamic er band, 

\abecnwoterhastwoaddttnal Sep response onsale ne 

‘piles: agnostics and twonay 

‘Sgtalcommunicaton 42.32 wo-Woy Digital 
Communication 


The microprocessor insdethe dal 
vale conta ao allows the 
Pastlonerto communicate with the 
nto system va a digital signal. This 
enables the gal vale controle to 
Provide adtonal feedback, suchas 
Ecualvalve travel and dagnoste slsts 
bck the contra system. 
‘One widely used protocols HART 
femmunicaton. HART communication 
Usesadgtal signal superimposed over 
the tradional4 to 20mA DC conta 
"gna Thiscommuncaton prtocat 
—_________ Sires thehostystem tobe sed 
aesiporaecaintrionmiine — Rocanfgue alae sn montor 
= the health ofthe postions HART 
emmunicaton fers the benefits 
423.1 Diagnestee tf ial crmmunication withthe 
fanart of to 20 mA contro system, 
ART ammunition alow ther 


‘The microprocesor inside the dgtal 
salve controllerallws the posoner a 
owsthe postiones 10 qu commision loops witha 
fuvarnbon ar sore dageost Varley of tals, etherlocally at the vale 
Diagnosticinfarmatonisusetuin eel orem. 
<eteriningthebeatthoftheentie uns on neha icanather 


sonrlvabe seb Twoughthe ety ana prtaca, ipratac 
ee ‘sail digital, which means that the 


contolsgnal Setpoint) stigltal. rather the receiver naz The plot pressure, 
than 2to20mADC curren Similar to. intun, controls the Booster tage and 
HART communication, thehastsjstem output ofthe transduce 

canal be usedo configure calbrate, 

{nd montorthepostione. 


PROFIBUS i alo common industry 
protocol that provides al dal 
ommunication. The physical layer 
{or PROFIBUS and FOUNDATION 
fieldbus the same; however, the 
‘communication protocols dif and 
‘offer ther avn avantages. 

Wireless technology ofersan 
‘additonal method ta communicate 
Information between the control 
system and the lita valve control. 
For postoners outfitted with wireless 


Fe alo Na 


‘capably dial information can be Anslectronicfedback onto network 
transmittedindependentafthe contrat constantly comparesthe valueafthe 
system wing, « Ppeumaticoutput sgnl withthe nat 


frent signal Aoltstate pressure 
Sensors parte ectronies palage 

4.31[P Transducers ‘monitoring the pneumatic output 

‘nsomeapplctionsthehigh veo comparator cut inthe contra 


network detects pup destons 
nin acura tat apstonet 
bostlrng accurate post Sodas the otptbymavingthe 


pode Snotreque nthe Getectrinthepotsag toacorected 
insur con evs An Papier Pbon Bea f hs tedback 
(figure 46)usesaconvertermadulethat two the ransdcer cancorect for 
{Faure 4jusesaconmstermoddethat ror grndcng etc sich arvarions 
froporionalpecirecutpt Anal OSUPP/Preseand downstream 
Prcumatcanpliierrebyprvdesine 
GpacynececarytodehroutputTanedicrsforoucar service whkh re 
Desuetothecontolvae cttae, qualified commer grade dedicated 
‘hee novane poston fedbackand Under OCHO, Append qulty 
responeres very qk Sssranc progam emp 

“The transducer includes a deflector | ee 
nozzle design (Figure 4.5) that consists that provide superior performance 
tei design Paue}tatcnss Se demonsraer rove ngth 
constant air flaw exiting the supply Barby rapinareleasonh vr 
nozzle is directed at the entrance of peraeen: pap searecseaetased 
Therecshernle Thepuccurent _ubectedto degradation when posed 
‘signal positions a deflector bar within. bod aemcramaherraasi wip uipal 
‘Rinasestowateam Avhenpu —Sfcommendedte dean dyad 
thenerlesfow ream Asthelopit Ce aspen eames 
{Daterthe fv steamtatberecyer” cotanINQEPDM components, « 

‘am entablshinga lt resus 


speed of actuators Volumeboosters are 
teed to prondesdeional pneumatic 
butput capac toavale assembly 
(Figure). large, sudden change in 
| Input signal output pressure rom the 
postonr) causes pressure differential 
toes between the pu gna and 
the output the Booster When this 
ces the daphragms moveto open 
the supply port orth exhaust pore, 
whichever action required to reduce 
the uflerental The port remains open 
Unt the dference between the booster 
Input and output pressures within the 
‘adtandlimiaf the booster 


The boosters incorporate fed 
desdband ste seat construction and 


Integra bypas iting. With the bypass 
“a Voluroe Boosters resircton ajsted for stable operation, 
PostonersandlPtansducersare Signal having small magntuce and 
<esignedto provide enough pneumatic fate changes pas traugh the bypass 
‘output capt to deve atypical restriction and into the actuator without 
trotting contol ave Howtever, sme jnltingbonster operation. Bath the 
appliations equi faterstroking Supply and exhaust ports remain closed, 
Speeds. When the actuator volumels preventing unnecessary ai consumption 
Lage, the postioning speedo response Sind pose saturation of postoner 
‘anbecome more a cancer. Fels, Soft seated exaust and supply 
lune boostessohe the sueby ales provide or bubble tight shat 


toreduce unnecessary airconsumpsion 


apie theoinpie amelie andensure fall mode upon less plant 


ostionestoinereasethe stoking 


‘aarti 


alc Thestandarinolse attenuating totake the process loop toa sae 
‘ihaus timallorsairtabe eshausted stateinthe evento a races conto 
Suichy and gully rom te actuator. emergency (Faure 49). A separate 


Safetysystem, often controled by a 
Single acting actuators typically use 

fonevoiumebooster Double acting nats. controls thesevahes. 
ctuatorsrequie a east two volume 

Boosters one tfesdeachsie ofthe 51 Patil Stroke Testing 
sctuatorpston (figute4.8)Some "Because safety valvesarestaticand do 
pplication such as compresorantl- not modolate under normal condtions, 
Surge rturbinebypass,may require theyafe prone to sticking, When an 


Salsonavolimebocrerto prove emergency derand occurs, there s2 
{he nededpneumaticvlume'orfat__rskthatthe ves allot nove when 
‘aberesponse.ulipleaceesonecan commanded Tomtgatethsikthe 
Neconneceddrectvtothebocrte,  dgtalvahe cml canbe wed asa 
liminatingtong lengths tubing, patel stoke testing deve 
andsimplfying the overall Nockup kn importan function of theinstrument 
Schematic fresy ell maintnance* | peodealyexereing the abe. Tis 
performed wth avahe para stroke test 
{@59. The PST sony movesthe vale 
portion ofthe total vaverael and 
then etumsto the nora tate Ths 
‘veces the mechanical components of 
these valve with minimal ruption 
{othe processoop Furthermore. 
thedigtal abe controler asthe 
sbity ts dlagose penal sues and 
‘communicate ay serif the test fal 


Eaten 


4.5 Safety instrumented 
Systems (SIS) 

“The primary pupote of contol vee 
Istomadulte the fow oflqul or 
erin apipe within a process contol 
foop Within these same process loops, 4.5.2Sofety Function and Product 
thereare abo emergeneyven. block Certifeation 

arislaton ves. These ales ae 


eee Aspringetum,singlacting actuator 
hcaionlofvakestiataeused poids an inherent fal mode othe 


Farag encom sage 


\aheassemby.Duinganemergency suchas pressure, temperature orlve 
‘demand the typical method tamave the and rect drivethe pena output 
\alvetothesafestatelstoremovethe "pressure toa contol vale (gue 4.10), 


arpresuretotheactutorand allow the 
Spring a postion the valve Asolenold 
‘ale andjor dal valve contol can 
‘eusedto perfomithis function. There 
‘maybe datonalinstrumentaton 
‘onthe safety vate, suchas boosters, 
postion ansmiters, and sp systems 
Allof these elements murtbeevasted 


The puto thelocalcontrlleris 
typical pressure lerentil pressure, 
temperature or evel dsplacement. 
The proces measurements anslted 
Intoa bean ape assembly 
‘movement. which s connected tan 
Input element. The input element can 
bea Bourdon tube, belo aeembly, 


focthetefectonthesafetysystem. jai placement lever asembly, or 
‘These laments canfallby causing temperature bul, 
anunplanned trp orb not geting 


The nput ementis connected tothe 
process pointer (set point adlustent) 
Edto the lpperby connecting ks. 


(Seat (REDS prides raaies ‘Asthe process input increases (ina 

sseyenneero design they meta a whet 

Selcttaedicton Secchi y 

irmrehiorrainnnry — Tenepeame Whenbicea. 

Ueatrummented systerns. = tothe actuator, which modulates the 
aulude Gapatpesuel ted 
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4.7 Controllers 


{nsome applications, contro the 
process performed local without 
theneed for alge scale distributed 
‘ontalsystem (DCS) or programmable 
Joglceontrol (PC) Lol contrlers 
reused to measure process condtions, figs diners lina a ae 


counters the apper mavemen that 
‘resulted rom the process put change. 
It then moves the Mapper aay rom 
thenazle unt the controler reaches 
pot of equim. Theset plot 
{djestment changes the promiy of 
‘thenazle and Tapper, s does change 
Inprocessinput. However, when the set 
paints changed, the naale ves with 
‘spect tthe appr 


‘he proportional band adjustment 
‘nob postions the nazae onthe appar 
Increasing or widening the propertinal 
thndmovesthenazle to postion on 
the lapper where ess fap motion 
‘caus decreasingthe gam ofthe 
‘onto: Decreasing or narowing the 
‘proportional band moves the nazle 
‘ward postin where more flapper 
‘motion acu, creasingthe gn, 
Controle actin schangedrom direct 
‘reverse by tuning the proportona 
‘and astment koa ta postion the 
‘zeta pant on the flapper where 
the direction ofthe appr motion 
‘ersus the input motion reversed 
iththe conrlerin the reverse-ting 
‘mode an increas proces Input 
‘aueesdecreste in autput pressure 
{otheacustor Supply pressure bleeds 
through afbed ones inthe relay and 
‘ets trough the naz. The nazz 


pressurereqitrs on thelarge rly 
‘faphragm and modulates lading 
pressure on the smal ly daptragm. 
Tisalsomadubtsthe controler ouput 
pressure theactuatar (igure 4.1). 


Controls wth proportions. 
reset operation are silat that of 
proportionally controls, except that 
utput pressurised back tothe eset 
3rd propartinal below. n operation, 
proportona-pusesetcontralers 
Irinimize the offect between the process 
Variable andthe et pot. 


Controls ith proportions ps rset- 
Plusfatehave aate vale an adustable 
Festnctonthatbvity maieans| 

the controler gain ta accelerate the 
errective ation for sw sstems 
(Figured 12). Thecate action dlysthe 
{gan reduction jstlang enought alow 
the jstem to respond to the change, 
butt lng enough forthesystem to 
become unstable Then the ow gala 
provided by the proportional action 
egpsthesystem stable Fal the est 
2ctonslowy increases the gainand 
Feturs the proces toward the setpoint 


Ante reset windup reduces overshoot 
ofthe process input tat can est 
fromlarge or prolonged deviation 
from these point. Tis option canbe 
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adjusted wo operate on eter increasing 
‘rdecreasing output pressure. The 
ferential ree valve operates when the 
“ference between proportional bellows 
pressure and reset bellows pressure 
‘aches predetermined value 


47.1 Differential Pressure 
Controllers 


‘The diferential presur nating 
controls show proces diferent 
resure and set point on aneas-o- 
ead proces sale. The contol sense 
‘we diferent pressures and compare 
the iference between these pressures 
lithan operatoradusted et paint A 
‘pneumatic signalisthen delvered toa 
Eontolelement to change he process 
‘ferent presurtowardthe set 
pol. 


47.2 Gauge Pressure indicating 
Controllers 


Gauge pressure ndcating controls 
Show process pressure and setpoint 
‘onan easy-to Fead proces sae. The 
‘anoles compare process pressure 
‘than operatoradjusted et point 

4nd dlverspreumatiesigaltoa 
‘antolelement so thar process pressure 
‘nges toward theset point. 


47.3 Temperature Indicating 
Controllers 


“Temperature indicating controls 


show process temperature and set 
ponton seas o ead processscale 
“he controls are used minder 
requiring sceurate process monitoring 
dnd temperature contol A temperature 
bulb measures process temperature The 
temperature control then compares 
process temperature wth an operate 
2elusted set pint The controler 
“elves a pneumatic gna to. conto! 
‘lement. The conzoelement changes 
the process temperature tovardthe set 
post. 


4.8 Position Transmitters 


The purpose oa postion ransmieris 
toprovideindependent va postion 
fecdbacktothe conta ytem. 

Position feedbacks often used for 
process monitoring, troubleshooting, 
br startupshutdown verification, 

The positon transmitters mounted 
ety tothe valve and measures the 
postion ofthe valve stam or shat. 
Inawied inealtion, the postion 
twansmiter provides a 4to 207A signal 
that corresponds withthe throttling 
Fange ofthe contol va. na less 
instalation, the postion transmitter 
proides ato 100% dgta gna, 
(gue3)-« 


valves actated by making or breaking 
3 elsrete electrical signal fromthe 
ona system. 


-Asoenoid-operated valve (SOV) san 
‘nfl electr-magneticvalve that 

Is controled by adlscete elecial 
signal roma cotrl system. n process 
contro pplstions, SOVeare generally 
teed ta pressurize or de-presutze on 
tfactustrs.Atree-way SOV sed 
for spring retura actuator applications 
and fouray SOV is used for double 
Bcting actuator applications (see igures 
Yataand 14.15}. 


ml 
4.9 Limit Switches iad) 
‘The purpose of tit switch sto 


provdea dscreteqpen or clesesignal 
{othe canto system when the vahe 
reachesaspeciicpostion wthints agg 
‘ange of wave. Lmitswitchesare 

ko used fo process monitoring, 
Iroubleshooting,orstarup/shutdown THHEKIaspua RAR BaN 
\eiieaton. The itch recedes 


postion feedback rom the valet 
‘rshaf and wil send ether wired 
‘ora wireless signal tothe contol 
Stem There are many diferent 


Switch technologies avaiable, suchas 
‘proximity coli stat, magnet, nd 


‘ntact conue, © 

® 
4,10 Solenoid Valves 
‘Asolenodvaheisinstalled nthe 


fpoeumatictubing pathtotheactuster, iL 
Insome applicaions, the solenoldvalve Fur KNBR ey abr Bm 
‘wl vent the from the actuator 

Siow the valve ta move tote na a fl 
State nother apleatons, the solenoid 
‘ale wtp ar inthe actor to 
Jackthe valve nite current pt, 
‘Tres slenlds are general used 
‘operate spring etm actuators and 
furway slenalds ate general used for 
ouble-ctng actuators. The solenoid 


Controtvaive applications wiltypically 
tea solenoid vale between the digital 
Valve controler andthe contolvahe 
(Figure 1416) The SOV wi remain 
enerized we the contol valves 
boing controled by the digtal vale 
contol The ital valve conto 


pneumatic signa wl pss through the 
SOV duringnormal operation. The SOV 
‘Sinplace alow quickshutdown of 
theconol vale thatisindependent af 
the dla va cota. The conzal 
‘ale canbe put inthe dosed or safe 
State by ether the solenoid vale or 
thedigtalvabe contraller. This ype 
ofarangements called -auta-2 
(1002) arangemest.Thisnomencature 
‘means that any 1 device ofthe 2 devices 
‘anputthe contolvale ints safe 
{fate The devices ae the dgtal ae 
‘controler and SOV, 


TASTE 
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‘When chocsingan SOVfruse na 
‘ontolvalve application, one must make 
Surethat the SOV can operate over the 
entre pressure range ofthe contalvahe 
actuator and digital va contol 
‘he pressures frthece applications 
smayrange rom 0-50 pl depending 
‘upon the actuator type. nodes t work 
‘etl ver the pressure ange, 

a dlrectacting SOV gre 14.17) oc 
‘externally pleted SOY (gure 1418) 
‘mustbe used AdrectactingSOV'e 
‘operated solely by the electro-magnetic 
force ofthe solenoid. An exeraly 
piled SOV wes extrml ale pressure 
fochangethestate ofthe SOV. The 
‘extemal alrpessureetumed on ad ft 


bythe drect-actng electro-magnetic 
‘lend plot that part ofthe SON. 

The extemal pressure allows this type 
DoF SV to change tate witht any ar 
pressurein the main patof the SO. 


* 
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‘Tete are mtipe SOV architectures 
that canbe used based upon the 
preference and ned ofthe end user. 
Seefigure 14.17 fora typical 1002 
architecture thateusedin systems 
there the needisforany 1 SOV to put 
the nal canal element inte 
state Se Figure 14.19 for 2002 SOV 
architecture that equresboth SOvsto 
put the inl controlelementin safe 
ate, SOV architectures areavalble 
Inmorecomplexconfigurations. The 
Important aspect te remember about 


SOV architecture isthe somenclture 
specified as Xoohasaspecic meaning, 
‘Any SOM(5) ofthe total ¥SOV(s} must 
change state when demanded, order 
{eo pu thefnal contol element ints sate 
state Asingle solenoid used by se 
‘considered Too! 


Fearn 


‘Ov comet many diferent designs, 
‘rom simple twee way drect-cting 
‘ales to more compleated manual 
reset valves and redundant solenoid 
‘ystems, Manual cet SOs ese Figure 
14.22) are used when veifieation ram 
an operator sneeded pris to puting 
theSOV in serleeTypealy the SOV 
‘eenergiaed electrical butwllnot 
‘operate unt an operator physically ts 
lever into place. Redundant SOV (see 
Figure 1.21) systems are wed incited 
ppliations to aved spurious tpsand) 
{rtohepensurethat shutdown wl 
‘scurwhen dmandedin anal contra 
sement. = 
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4.11 Trip Systems 


Tipsters are used in contol 
ppleations where aspeaic actuator 
ction requred inthe event that supply 
Pressures st (igure 4.24) These 
Ereuced wih double acing actuators 
that do nat havean inherent oa fl 
state orth singl-o double acting 
2ectuators to provide preumaticoceup, 


‘When supply pressure falls below the trp 
Pott, the pve causes the actuator 
{otal un lackinthe st postion, ofa 
‘lon. For double-ating sppliestions, 

2 volume tank provides the feserve 
Ppeumaticareapacty to operate 

the valeur the supply pressures 
restored. When the supply pressure 


‘es above thetrp pont, thetrp vale 
Sutemstialy reset allowing the 
"stem to return to normal operation, « 


4.12 Switching Valves 


‘The switching valves are typcally used 
ta delver constant reduced presure 

of gaseous fds to plot operated 
‘ontolrs and other pneumatic 
Instrumentation. With choice 
Springs fr optimum eslutin, the 
Switchingpamtisset to espectic 
Fequirment by anadusing screw at 
top the sping case Predominantly used 
Insping and daphragm actuators to 
achieve "Lockin ast” postion a fall 
ction. Figure 4.25) « 


4,13 Handwheels 


Handwheesfordaphragm actuators 
ae often used as adjustable travel 
Stops. Theyalso provide aready means 
Cf postoning the contavaeinan 
emergency 

Side-mounted handwheels canbe used 
{stoke thevalein ether direction 
tanypontinthe actuator stem 
tral (Figure 4.26). The side-mourted 
‘handwhel canbe postioned tliat 
‘Maul nether direction. butt bath 
{tthe same ine, With he handel 
Inthe neutral postion, automate 
‘operation possible hvoughout ful 
‘ale travel In any ater postion, vale 
trol le rested 


Top-mounted handwhees are used for 
(nfequent service to manual stroke 
thevale (Figure 4.27). « 
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Chapter 5 


Control Valve Sizing 


Control vaeshandleallkinds of fuldsat Cast body material (ASTWA2I6 


temperatutesfromthecryogenlerange"giade WCC, ASTM AZI7 grade WC, 
tw welloverS38°C(1000F) Selecionat _ASTMASSYCFBM, etc) 

acontalvale body assemblyreaures = End canctions and vale rating 
particular consierationtoprovde the (screwed, clas GOD RFfanged, Cass 
bestavalablecambinaton of vabebody 1500 RT} anges, tc) 


style material andeim constuction g acon desred on afar (valeto 
<esgn forthe intended servie.Capacty_ gpen, cese or fetailast contd 
feguementsandssemaperaing|”—_ psiton) 
Eeleahatenteliaketenge | =smeateipy sae 
cities ceeaconaieetnde — *nstument signal (3t015 pi, 
Euayeprionwthowmive p20 Hate) 


Reputable contolvake manuacurrs ation, the flloning information 


walrque the agreement ofthe ser 
and ther representatives ae dedicated 
{ahalpingselectthecontral yale most *ndthe manufactures depending onthe 


Sppropriatefortheesisingsenice Purchasing and engineering practices 
‘ondttons decause there are frequently being followed. 

Several posable correctcholcesoran_# Vaetype number 

Spplstion elemmportantthatllthe Valse 


{alowing information be provided for 
ny set conditions deemed important: 


' Type offud tobe cotroted 


1 Valve body construction (anle, 
oublespor. buttery et) 


Valve plug guiding (cagesye post 


Temperate ff suid et) 

Vicon tad + Yah pag action put-downto 

* Concetatonsofllconsttuents —_ sos8 push dow-o-open) 
‘ccuangtace mous 1 Port ae (llores) 

s Process candvonsdurngstaup, = Vahetrm materls required 
normalopertions. and shutdowns Foy sera (fon tends to open abe 

s Chemial ening htmayoccir "of tenstoce ae) 
pesdealy Acute roqued 

Speci ordesty ots eae 

Fuld tow ate fellows te) 

net presse at vahe + Pactng mati (TEE Ving, 

* Ouetpresureor pressure drop ‘aise eon 

sPressurediopatshutof (Eg accessories required (positioner, 

‘= Maxmumpermiblenokelee, "fame 
EEE ATA sonal ton pana 

Jecteednprenous chapters ts 

«= Degiaeaf siprheat or extnce af reenact 

Degree took andofere wl be explored nth 


nd falloning chapter. 
1 Ife and out ppalnesze and aie 
hed, 


' Special tagging information required 


Valve Selection Process 


SE aT RT 


‘eons ander can nee ct etn 


RTT 


pena 


5.1 Control Valve Dimensions 


5.1.1 Face-to-Face Dimensions for Flanged, Globe-Style Control Valves 
‘lasses 125,150,250, 300, and600(Cimensonsin Accordance ith ANS/ISA75 08.01) 


rear gd Cones 
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‘lasses 900, 1500, and 2500 (Dimensions in Accordance with ANSIISA-75.08.6) 
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5.1.2 Face-to-Face Dimensions for Butt Weld-End, Globe Style Valves 
‘lasses 150,300,600, 900, 1500, nd 2500 (mensionsin Accordance wth ANSI) 


154-75.08.05) 
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5.1.3 Face-to-Face Dimensions for Socket Weld-End,Globe-Style Valves 
‘lasses 150,300,600, 900, 1500, 2500 (mensionsin Accosdance wth ANSI) 


54-75.08.03) 
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a A 
5.1.4 Face-to-Face Dimensions for Screwed-End, Globe Style Valves 
‘lasses 150, 300, and 60 (Dimensionsin Accordance with ANS)IA75.08.03) 
5.1.5 Face-to-Centerline Dimensions for Rased-Face, Globe Style Angle 
Valves 
‘lasses 150,300, and 600 (Dimensionsin Accordance with ANSY/ISA75.08.08) 


{51.6 Face-to-Face Dimensions for Separable Flange, Globe-Style Valves 
‘lasses 150, 300, and 600 (Dimensionsin Accordance with ANSY/ISA75.08.07) 


5.1.7 Face-to-Face Dimensions for Flanged and Flangeless Rotory Valves, 
(Except Butterfly) 
‘Glasses 150,300, and 60 (Dimensions in Accordance with ANSY/SA-75.08.02) 


5.1.8 Face-to-Face Dimensions for Single Flange (Lug-Type) and Flangeless 
(Wofertype) Butterfly Valves 
{Oimerslonsin Acendnce ith MSS-P57) 


5.1.9 Face-to-Face Dimensions for High-Pressure Butterfly Valves with 
Offset Design 


‘lasses 150, 300, and 600 (Dimensionsin Accordance with MSSSP-58) 


5.2 Control Valve Seat Leakage Classifications 
(Gn Accordance with ANSFCI70-2 and EC 6534-4) 
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5.3 Class VI Maximum Seat Leakage Allowable 
(WnAccordance with ANSYFCI70-2) 


7 = 7 — 
ra ae a3 — 
3 = a — 
5.4 Control Valve Flow 54.1 Flow Characteristis 
Characteristics gure. ustratestyplal fw 


tharacterticcurves The que 
‘pening Row characteristic provides 
formasimum changein lo rate at 
lowrvalve tavls witha nary neat 
relationship. Aditional increases 
Invahe travel give sharply reduced 
changes nfiow ate, and when the vale 
log nears the wide apen poston the 
range nfl rate approaches 20 
Ina conta vale the quck-openng 
charactrstcisused primary for nfo 
Servic: butt sale table for many 
CCaracteriing control vales provides Sppiestons where a ner vale plug 


‘The flow characteristic of controlvae 
{sthe relationship betwen the low rate 
‘though the vale andthe vale travel 
{the travellevared fram Oto 100s 
inherent Raw characteristic reersta he 
characteristic observed witha constant 
bresure drop across the ate. stalled 
fw charactentlemeane the one 
obtained inservice where the presse 
Srop varies with lw and othe changes 
Inthe system, 


Torarelawvelyunrm cottlloop wuld normally be speced 
stabity over the expected range 
(of sjstem operating conaltions. To ve 


‘stabil the flow characteristic needed 
tamatchagensystem requires a 
‘namic analysis ofthe controll. 
‘ales ofthe more common process 
‘navebeen performed, however, so some 
‘seful guidlines forthe selection of 

the proper flow characteristic canbe 
‘stablshed, Those gldalines wile 
‘decused after abrleflook athe ow 
‘haraterites in eto. mi 


ated Fo Coit) 


‘Thelinerfow characteristic curve _ may be adjusted to seme degrein 
shows thatthe fl ateisdrectly, the cot equipment. Se Chapter 2 
[roportonaltothe valetravel This formoc information on contra valve 
Droportonaltelaonshp poducesa performance. « 


haracerie with constant slope 0 
‘hat with cnstant pressure drop the 

\ahe ainvillbethesame taliiovs. 5.5 Valve Sizing 

{ae gainsthe rato of anincemetal Spandsezaton cts ee contol 
hangenvae plug postin Canisa Santuaion acti or conto 
{unetionofvabesaeand configuration. Sy 10s when atrde stocaton, 
system operating cantionsand vale fhe ids Contains, pushed 
ug charetrstic)Telnervake pert Const po 
Pluglecommonly specified frliqud omnes andincompressble Md. 
Jevelcontolandforcetah flow contol ‘The ange of serie conitons that 
Zepteaionsrequingconstangan. Tefanareerceconton tet 
Inthe equal percentage fow bytheseequatlens was quite nao, 
Garectasteequalincrementsofvahe andthe standard didnot achieve 3 high 
Irae produce equal percentage changes degree of acceptance In 1957, theiSA 
Intheesitingfow The chngeinflow established committe to devegp and 
‘atesalvaysproportonsitotheflw _publshstandard equations, The efforts 
‘ateustbeforethe changeinvahe plug, ofthis committee edmintedinavahe 
<i orbalpostion made Vabes wih sng procedure hatha achevedthe 
Snequalperentagefow ceractersie_stlusof American National Sanard 


[regener wedon pressureconuol Later, acommitee ofthe International 
applationsandonotherappleations Electrotechnical Commission (EC) used 
ler alarge percentage ofthe the A Works as abs to formulate 
‘resuredropisnomally absorbedby _ntemational standards for sizing 


thesjstem tse, with onyarltively_contolvaes. (Some information in 
small percentage vaable tthe control th introductory material ha been 
‘ae Vabeswith anequal percentage extracted frm ANSIISA-75.0101 

CGarsctrstieshouldskobe considered Standard vith the permission ofthe 


laher highly varying presure drop publses, the SA.) The ANSISA- 
‘ondlons canbe expected. 15.01.01 and EC 6053421 vale sng 
standards have been harmonized, so 
5.4.2Selection of low ther standard maybe used, 
‘Chavacterties though the standadvale sing 
‘Theldal fw charactorticshould methods workwalfor the majaty 
teone tat would resatinaliear of contolvale sing stustlons ls 
Inetaledcharacteritieandaunorm —_ ipatan to note thatthe standards cll 


Insta gan For optimal performance, — outlimits forthe use Use autsie of 
{completedynamicanaiysscould be theiritended boundaries must be done 
performed, since therearemany other withcare. Thestandards requiements 
factorsbesdesflowchoractersic—_frreasonable accuracy ae 

thataffect performance. Suchan 

nayss would bemort appropriate for" Snsle component. siglphase ds 
Spplestlns where accurate control * Newtonian fds 

‘Seitea For other appiations, 2 1 ideal gases and vapors 


lese-than dsl low characteristic * ideal atoofspecchestsintherange 


1.08¢y<1.65torgasesandvapors _Inthefollowing sections the 
se Vanestingcoise omenelture and proceduesare 
‘planed, andsample problers ae 
ba cid solved to ilustrate their use For the 
“zcusson below, lowe ae sumed 
tobe ull urbulent Forstutions wth 
igh crt ful or very law low rates, 
‘tonal considerations ae equed. «| 


5.6 Abbreviations and Terminology 
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5.7 Equation Constants 
Cs a 
2a [ah 

ny 7a [ah 
sat cm € 
4 saa oe € 


5.8 Sizing Valves for Liquids F,1s3coreciontacorthat accounts 
forprssre uses du to piping 

Following eastep-steppocedre foc ngs such asec DONS OF 
theaingcfcoreolvadveste gad Scungesuch ards bows 
{om sing the And EC procedure. fovheiplt snot comers of 
Slt spaking. thing methods thacontil ae to bese such 
all niforsinge component us, ngs are attached to teva, these 
Towevermuticompancnt matures tings ae attached to tevale thes 
ete Ey Sting procedure proves ametodto 


achofthesestepsis mportntand_calalatethe Factor frconcentic 
‘mustbeconsdeed during anyvabe reduces and expanders. howeves, no 
Sing procedure Isimpartantto iting arestached tthe val, asa 
rotethat valirandfvaluesare value 1.Oand simpy drops out the 
imatchedsete WadiferentC feed, sing equation. Ao, =F, 


thecorespondingF, forthat ake and 


Valve travelmustbe obtained fromthe Detemie the presure drop tase for 


product erature ie cere 

1 Specy evar equedtoseetbe pam and douse pes 
aes ows: ‘feaenugh elgas may sao 
1 Desred den, ‘poi ning cn fon te 


roe fd (natel.etc) and seen dap acs hah 
/shigherthanthe pressure drop that 
= Appropriate service conditions Af higherthan he pressure drop 


fs gorw.F.PyOraPTPilePeP — pesuredrop. AP, mist bused 
shay loc ofthe acl pressure drop. 

Theabilytorecognizewhichtermsare 5, Cale, ft vake natch 

appropriateforaspecicszing procedure "the extmaurntn stp 3, erate using 

‘anonly be cauired thoughespernce ——thisraw ale and the cespanding 

vithalfeentvaveszing problems. rome produc nfermation. 

anjoftheabove terms appears tobe new 

‘runfamilrfertotheAbbrevatons 5.8.1 Determining the Piping 

and Teminologytableforacomplste Geometry Factor (F,) and the Liquid 

‘stint, Pressure-Recovery Factor (F,) 

2 Deteminethecquation canstons.N, Adjusted fr Fittings 


dt, Determine an, factor an fitngs 
Nand, arenes constants suas redven eon ote 
CGntahedintetoweguatonsto Bede atachedt telnet and 
Dovdeamenstorsig diferent ole conectnsofthecontalvae 


Sansefunts Viuerbrincevaias atttobecied When osibe 
<Socaniandtbr appear recommeded ht yan acorsbe 
tpeniibetninCosanstale” Stemnedexprmdeay ying 
ee derammnaypene Semeiuieneaaltete 

sna tela prsrercty in 
octaguctodfororacedfiings. bE@)] 

Forthese calculations, an estimated C, eu 
‘ahead the conspontng ed 


1 


However using the following method, Using theF, value corresponding tthe 
reasonable approximations canbemade C,valuefrthe selectedvahe, 


TGrenachedconcenme races rpc one 
ES (@) + al 


Inthe prevous equation the EKtermis Fi, 
thealgebai sum of the velocity head 


e 
losscoeficntsof allt thefittings that 5.8.2 Determining the Pressure 
reattached othe contal vale, Drop toUse for Sing (4P..,) 


aK 


KARA Ry Ree (aleulte the qu eitcal pressure 
ratofactor 


fitngs 
, «Resistance coefcent of ‘Then, determine the imiting pressure 
downstream ftings drop duet gud choking 


Inlet ermoul coeficient 


The pressure drop tose in cateuating 
the requted flow coefient AP. 


Isthen he lesser of the aru 3 
+ pressure drop, P andthe choked 
kn =1-(2) Pressure drop. Pn 
By Note: Pn AF the Now ther 


tthe upstream anddownstream piping “aati Hashing. the ate 
Sof equals thedemouliconficents Pressure seater than the vapor 
Srealo equal X,=K-andtherefore tesure ofthe ud, cavitation 
Teysedoppeltaminesieequsen, easing the choked flow he outlet 
pressure ler than the vapor presure 


Themastcomman sed fiting etl, teflon i faring. Sethe 
Inconvolvabelstalatensisthe ——Seanatrinthe chapter cavtaton 
Shorelengghconcentiereducer he Selanne oma 
uate forthe tng ae fll 
1 Foran et aducers {5.83 Calelating the Required Flow 
zy! Coefficient (C) 
s=05(1-55) Theva acon raqued 
topastheghen smountof ws 


‘alealated a folows 


1 Foran outletreducer 


ca) 


* Foravale insta between 


5.84 Liguid Sizing Sample Problem 
Assume an instalation that 2 nal 
‘plant startup will nat be operating 
Sstmaximum design apabty. The 
lines are sed forthe ultimate sytem 
‘capacity butthete sa deseo install 
‘contra valve now which sized only 
foc currentyantipated requirements. 
Thelinesze inches, anda Class 300 
abe vale with an equal percentage 
‘agehasbeen speed 

Standard concentireducers willbe 
‘eed to stl the vale nt the Ine 
Determine the appropriate vahe size 


1 Specy the variables necessaryto se 
the vob 


* Desired valve design -Class 
5300 lobevalve with an equa. 
percentage cage and assumed vahe 
Ee of dinces thisvahe has 100% 
‘pen, of 12 wth, O89 


Process id -Iquld propane 
Service conditions ~ 

= 8009p 
,=300psg=314.7 pan 
°,=275psig=280.7 pos 
P= 25st 

1220¢(00) 

fe, =050 

P= 1243 pia 

P6163 pea 


2 Determine the equation constants. N, 
ond, 


From the Equation Constants table, N= 

‘Mand, = 890, 

Determine the ping geometry fata 
andF the gud pressure cae fact 
‘dusted fr ached tings. 


1 Fst indthe necessary resistance 
efients needed when the 
Upsteam and downstream pipe ses 
Siethesame 


2 as(1 © 


aan 


1 Now, caller: 


sbemeyy” 
sera] 


sreome any | 
[woo (GF) + aaa 
oat 


Ap 


7 


4 Deteine the pressure drop to use or 
siting. P. 


1 Fist nthe gud tial pressure 
‘abe factor 


Fe = 096-028 |= 

v=ae—ona 
ooe_ang [BS 
028 ete 


=0a3 


1 The choked pressure drop. AP 
found flows 


Pau = (2) Ft) 


= 62%) 147-0029 


ATi pst 


1 Since the actual pressure drop 
lower than the choked pressure drop: 


Ping = AP 
= 25 pst 


5. Caleubte the required Gv 


‘The equied C of 1257 exceeds the 
capacity ofthe assumed vale, which as 
23C.of121-although forthis example it 
‘maybe abvlau that the next larger ie 
(NPS (ON 100) would the covect 
vale ize, this may oot always be tre, 


anda repeatof the above procedure 
Should be eared out. 


Now, assume a NPS4 (DN 100)vahe,C, 
"20dand = 0.91, These values were 
‘determined ram the aw cefcent 
table ors case 300, NPS (ON 100) 
FsherS lobe valve with an equa: 
perentagecage. 
Recalculate the required using 

an assumed ,valueat 203 inthe 
talelaton 


aK 


and 


fe pF (6y'] 


A pees] 


[sPacng 
MF Pa Te 


200 
Fa 
10-0932 


=17 


‘Thssolton indicates onl thatthe 
'NPS4(ON 100 vahe large enough to 
“tly theservce conditions gen, There 
may ecases, however, where amore 
crate prediction ofthe, required. 
insuch eases, the equred¢, shouldbe 
redeterminedusing anew value based 
‘onthe vas abtaned above. 


inthis example, is 121.7, whichleads 
tthefolloning eau 


bRQT” 


josmeneyy” 


=097 


[aPana 
Fe Pe 


es 


= use 


i 


Because thisnewly determined Is 
‘ery ots tatheC usd nally for this 
‘eedeustion (1166 versus 121.7). the 
‘ale sizng procedure scompleta and 
thecancuson that aNPS 4(0N 100) 
\alve opened to about 75% of total travel 
Should be adequate forthe required 
Specications Noe that for ts as, 
‘tiaenot needed toupdate the 

Sand, values ithe, vale wereto 
‘change between erations these values 
lwould needto be updated, andthe, 
recaleusted © 


5.9 Sizing Valves for 
Compressible Fluids 
followings sit-step procedure forthe 
Slang of conto vale for compressible 
‘owing he SA standardized 
procedure Each ofthese steps 
{portant and must be coniered 
<unng any va sang procedure. 
1 Spey the necessary varies required 
toszethevahes flows: 


* Dosed valve design (9 balanced 
‘be vith near e208), 

1 Process ud (a, natural gas steam, 
stc)and 

1 Appropriate service conditions —qor 
We ByoraP Ty and, orp 

The ably to recognize which terms 

ae appropri fora speci sang 

procedure can only be acquired 

Sroogh experience wth afferent 

valve sting problems. fay othe 

hove terms appear to benew or 

Uinfamlin eer othe Abbreviations 

8nd Terminology table fra complete 

“efi, 


2. Detain the equation constants 
IN, and, of, depending onthe 
‘blero: dt and the uns use 

‘These Nvakes are numerical canst 

ontainedinthe few equations 

provdea mean forusing diferent 

Systems of uns, Values fo these various 

constants and the applicable unt are 

‘qveninthe Equation Constants table 

Nulsusedvhen the law ates gin 

Inimaee aw unts and the deny, 

known. instead dens the 

ompresflty known. N, suse for 
massa rats unt and, used for 

STandard volume fow atu 


3. Determine, thepng geometry 
fect ands, the pesure drop ratio 
fectr aust for tac tings. 

Forthesecleations,an estimated, 

\alue and theconesponding x, used 


Fle acomection factor that accounts 
forpressrelostex duet piping 
Fiuigs such as reducers, elbows, 
tees that might beattached drectly 
tothe inet and aut connections of 
the control valve ta be size. such 
Fitings are attached the va these 
mmustbe accounted fr The standard 
Sing procedure provides amethodto 
‘alelate the ffactorforconcentc 
reducers and expanders. however, 


ve 


Saigirucieeaar. aetnseting naan 
emparegcetnneates, | zpeemtate er 
Satie emdanpracrad rp anita san) 
Elena rene nt 


separ forcing ae Fes the seticheat rat facto 
44. Deteminethepressure drpratoto p= 

nfs esomtcemrace LA 

Liat ‘Then, find the choked fe 
Whenthedtemcabetweentte in. Andthechohed tow pesire 
tear and dur poe 

Sgheroatsttehowmaybecome Kanes =r 

Soin tesa ree prt 

Scwesthevohe.ehigherthante— Thepresue op rato to wen 


Presedopratotateanes ted etaing the equred fo coeficent 
Tow.thechated ow peur doprato, 5 ythenthelesser thes 
Xytstbesedimploe ofthe acial im presse rp. andthe choked 
(EStedop Whenthefowtscholed, plone dap 


{heespanionfactorlbeesialto2. ergata ing 
5 Coke, both a 


His value snot coset the ‘tiny 
estima sedin te 3, trate using ths ee 
new Cale and the corresponding, shee 
fromthe produc information 

{5.83 Caleulatng Flow Coefficient | 
21 0aembig tering estate ep! 
‘Geometry Factor (F,) and the tocalelate, depending the fom 
Pressure Drop Ratio Factor (xp) at teproces date 
(Choked Flow with Attached Fittings 


1 Formas flowrate and density: 
‘The value off forcompresble tt 


sizing sobtalned inthe sare manner 
swith qui sting. See the section an 
quid sing forthe equations F, andthe 


sociated resistance coetcets 1 Formas flw rate and 
Xy(sfound usingthe folowing equation, ATEN 
‘Bingthex vale coesponding tthe ol. FEE 


‘electedvahe's 


Ra Fama 


1 Forstandard volumetric ow ate 
sd ompressbity 


a firiz, 
Ra OP sina 


a ee 
Soe eke 
ses 
ea Te 

Cn socio 
fs 

ee 
moayorere, 


Shesthewbellnesindandtnore adequate pas nfo ated 
Sasacanerctene. Ecnonwincmeroe 
ZerRruniSe(ONai} vsbveke he epeang nee the aed, 
Sloot 04 scissor dere 

Retccnctaahe Nassar gs 

4 Druin tepse patisserie le 603 

Pane sich sutra let om 
eeecdecuearoSr edie 
tepeblon Tenax septa en 
eptlortnges erB3 
Fela 


Rect? 
Renaeee = Fite 
094-0219 
0.208 
‘Theft choked, othe required 
Clsnowe 
g__ fumz, 
“RORY [Fn 
soni fivaa-sta-i8 
TROIo aT ve 02 
1203 
‘Theressonthat the required, has 


ropped so dramatically atibutable 
{clay tothe difference nthe, value at 
‘ated and 3 degrees travel 


{Continuing this process unt fal 
required, obtained reaulte nC, = 
‘D3 and, =0.372 about 74 degrees 
trove 


5.9.5 Compressible Fluid Sizing 
‘Sample Problem No. 2 


Acsume team stab supped ta8 
process designed ta operste 3250 pig 
(7.2ba9, The supply source a header 
‘malatained at 500 psig (345 bar) 
and 260°C G00"), ANPS 6 (ON 150) 
‘Standard sched ine from the steam 
‘malnto the process beng planned 
‘Aso, make the assumption hat the 
‘required valve sizes es than NPS (ON 
130) tll be nal sing concentric 
‘reducers Determine the appropriate 
Fisher D valve wth near eage 
1 Specy the necessary vals required 
tosbethevahe 
= Desired vave design: ass 300 
shor ED valve with alinear cage 
‘esume vie sete NPS (ON 00). 


1 Proces fil: superheated steam 


' Ginch standard schedule ppehas 
Det inches 


1 Service conditions 
w= 125.0006) 
P= 500 pig = 5147 psa 
P= 250 pig = 264.7 psa 
P=250 98) 
x=AP/P, = 2505147 0.49 
1, =260°C(500'F) 
p= 1.02 yt 
133 

1 Startby trying a NPS (DN 100) 
‘ale with near tim at 100% wave 
2236 
0.600 


2. Determine the equation constants, N, 
ond, oFN, 

Forthese unite, according tothe 
Equation Constants table, N, 890 
and = 1000 Forcondtens gen in 
‘mass fow atin and densty in 
Tm use, = 63.3. 

2. Determine the png gentry 
fect andthe perure drop ato 
fectr asd for tached figs. 
Since the upstream and downstream 
Dipesare thesame size, the resistance 
‘coofcints needed are 


Now, cleat 


pee) 
a aaica) 


= 0945 


Fe= 


rally caleuate,: 


5 
Tig Ha) (Gy 


069 
fore 
1 2HB16 + 082) 3B)" 
To (a) 


67 


“4 Determine the pressure op ait use 
Forsang x, andthe expansion fot ¥ 
Start by calaating the spec eat 
rat factor 

ate 
aaa 
133 


Use thsvalueto find the choked 
pressure drop rate 


Xeantod = Rete 
98-067 
64 


The choked Row pressure drop ratios 
‘rete than the actual pressure drop 
Fat, 

49 


Ying 


The expansion facto, Y= 


7 125,000 
Ga ons o75V0e SAT TO 
2173 


erating using x values rom the 
product atlog resus required 
Ei edandx,= 0.754, The occurs 
about 6 open, sothe NPS (ON 
400) ED vale withlinea im would 
bbeanacceptabl soliton with respect 
tocapacty The nex small Sze af 
Dale wit iear sim haraated 
Cofnly 148, soit wouldnt bean 
sppropite vale for this station,» 


5.10 Representative Sizing Coefficients 


5.10.1 Representative Sizing Coefcints for Single-Ported, Glabe-Style 
Valve Bodies 


[ives] vanerog | Fow . 
ines) | “sive | cme r 
2 [roti lrguirecnage tH 
ee te 


‘5.10.2 Representative Sizing Coefficients for Rotary Valves 


= == 
cal) sec fees elie ifs le 
ce ete 
. ee ate 
oan ate 
= ete 


5.11 Actuator Sizing 
Actuators are selected by matching the 
forcerequtedtostrakethevalve with an 
actuator hat can supply that force For 
‘ota valves a sma process matches 
thetorquerequiedto stroke the vale 
‘sith an stuatorthat wl upp tat 
torque, The same fundamental process 
‘Sused for peumati eect, and 
clecto-hyrauie acttrs 


5.11.1 Globe Valves 


‘The force requiredta operate a globe 
‘al include 


1 Force to overcome ttc unbalance 
ofthe vale pg 


1 Force to provide aseat oad 
1 Force to overcome packing friction 


* Addtionalfores required for certain 
Spplieatons or constructions 


Total force required =A*B*C+D 


‘5712.1 Unbolance Force (A) 


The unbalance forces that suing 
from i pressure at shut andin the 
‘most genealsense con be expresed 


LUnbalance force = net pressure 
‘ferential x net unbalance area 


Frequent practice stotake the 
‘maximum upstream gauge pressure 

3s thenet pressure diferent unless 
the process design always ensures 
backpressure at the masimum let 
rear, Net unbalance seas the port 
Began asingle-seated,fon-up design, 
UUnbalance aea may have take to 
account the stemarea depending on 
oniiguratlon. For balanced ates hore 
Festa small unbalance area The data, 
‘an be obtained fom the manclacturet 
Typical pot areas for unbalanced vas 
flow up and balance vatvesina ow 
down coniguration re sted 


retoumee [eae aesent | baat 


‘arpa nee ae cae 


|5.11.1.2 Farce to Provide Seat Load (@) 


= To Seat ad, sual expressed in pounds 
=o pe lineal ich of port cicumerence, 
oo Uses foternined by shutat requirement. 
LLCLCLE Use the following guidelines to 
oof OB ed determine the set loadrequiedto 


meet the factory acceptance test for 
[ANS/FCI70-2and Ec 6055-4 esk 
lasses through Vi See Figure 53. and 
5 forrecommendd seat oa. 


Because of ferences inthe 
Severity of service conditions, donot 
onetrethese leak clsiatone 
andcarespondingeakage ates 2s 
q indiatrs of fed performance To 
prolong este and shutoff capable, 
sea higher than recommended seat 
load. See Figure 5.3 or suggested seat 
vl loads. ight shuts nota prime 
consideration, use lower leak as. 


patina 45.11.13 Packing Frition() 
Ae packing tions determined by stem 
SENGNREDSERES OPO se, pacangtype. andthe amount of 
compressive lad placed onthe packing 
bythe process orthe bling 
Gace | erommndetsetend | packing ction snot 100% repeatable 
Tear [PPEETorTomIOCTE] Ins hcon characteristics. Lveloaded 


‘esavietisteaits | packing desgns ena significant 

acu | Prentiss P| frctontorer cepa graphite 
Sarma] potkng sured Se Figure for 

cont pala Fpl packing ction valves 


staperiaichseat™ | 511.14 Additonal Forces (0) 


teteashat tc dante | Adina! frces maybe requ to 

nsee |S Stoke the valve sucha below tess 
| suntattanesatoxy-an | tnusial tonal forces resting 
fantpealich et | fromseas: or special seating frces 

ee ay | forsfemetaseak as an example. The 

ar Imaniactrr shou ether sop this 


Tarea-storinspane ar] Information ortake ent acount when 
any | Tralichetertceare’ | singanacuanme 
ce a 


Fir iat aad 


Fara ipa ao 


5.11.2 Actuator Foree Calelations 


‘Pneumatic pag actuators 
providea net force withthe addtional 
pressure fer compressing the 
Spring in arto cose, or with the net 
precampresion ofthe spring ina to 
‘pen. This may becalulated In pounds 
er squareinchof pressure differentia 


For example: Suppose 75 bt. is 
required to dse the vahe caleuated 
follewing the proces descrbed eae. 
‘An aleto-open actuator with 100square 
inches of daptvagm area anda bench 
Set otto 15 paigisone valle 
‘option. The expected operating ange 
163t015 psig. The precompresson cn 
‘calculated asthe diference between 
thelawer end ofthe bench set (pg) 
and thebegining ofthe operating 
‘ange (psig). This 3psgis used to 
‘overcome the precompresionsothe 
‘et precprasson force must be 


3 psig X 1005, n= 300 
Thisexceds the forcerequredandisan 
adequate selection. 

ston actuators with springs are sted 
Inthe same manner. The tnt frm 
etn actuators without springs can 
Simplybe caleulated as 


(stan Ace} Minium Supply Pressure) 
aval Trust 


(careful to maintain compatiity 
cof unts) 
nsomececumstances an actuator coud 
supply to much orce and caus thestom 
tobuekle,tabend sufienttocauses 
lea, oto damage ave tetra. Ths 
‘ouldeccurbecaus the actuator st00 
[Ege or the mamam sr euppy exceeds 
theminimum ar supply alae 

‘The manufacturer normal takes 
‘esponsilty fr actuator zing and 
‘should hive methods documented ta 
‘heckormanimum stem loads 


Manufacturrs abo publish ata on 


actuatorthrss effective daphragm 
Breas and spring dita 


5.12 Actuator Sizing for 
Rotary Valves 

Inselecting the mos economia 
actuator fora retary, the 
determining actor are the torque 
required ta open andclosethe valve and 
the torque output ofthe stato 

This method assumesthe vabe has 
been propery size forthe application 
andthe appleation dos notexceed 
Pressure imitations forthe vale 


5.12.1 Torque Equations 


Rotary valve torque equals thesum ofa 
umber of torque components To avid 
Conluston,snumber ofthese have been 
combined and a numberof ealulstons 
have been performed in advance. Thus, 

the torques equted for eachvalve ype 
canbe represented with two simple and 
practical equations 


5.122 Breakout Torque 
T= MOP 9) B 
15.123 Dynamic Torque 
Ty=ClaP) 


The specific 8, and factors foreach 
vale desig ae included flowing 
tables. © 


5.13 Typical Rotary Valve Torque Factors 
{5.13.1 Torque Factors for V-Notch Bal Valve with Compostion Seal 


Gee ee a ra 
‘tesy” | Sate [campeon = ps ee 
5.13.2 Torque Factors fr High-Performance Butterfly Valve with 
‘Composition Seal 
as ae = Tama 
Safes 5 |G (ocho 
(wes) | ce @ [= [we | meter 
5.13.21 Maximum Rotation 175 degrees rotation 


Maximum rotations defied the 
angle of valve dk orb inthe ally 


‘pen poston. 


Normal maximum rotation 590 
earees. Theballor disk rotates 90 


‘Sree from the closed poston tothe 


‘de ope pation. 


Some ofthe pneumatic spring etn 
‘ston and preumatie springen 
‘Saptvagm actuators are lied to 60 or 


For ansumatic pingand-daphragm 
actuators imting maximum rtation 
Slows for higher inti spring 
compression, resulting mare actuator 
brealout torque. Adatioaly. the 
effective length ofeach actuator ever 
changes wihvale otation.Publsed 
torques, partly for pneumatic 
piston actuators, reflect this changing 
Feverlength « 


5.14 Cavitation and Flashing 


5.14.1 Choked Flow Causes Flashing 
‘ond Cavitation 


‘The quid sang standard eaeuates 
{choked pressure drop. AP. fthe 
actual presure drop arose vahe, 
‘sdefined by thesystem cndltons 
fP,andP.isgfeaterthan aP.., 

‘the ether fashing or cata shay 
‘ce Stractural damage to the vale 
and djcent piping ma lo resut. 
Knowledge of what actualy happening 
thin the vale will pemitseecton of 
vale thtcan smite orreduce the 
‘tect of entation and fashing 


Inprssure(orpotental energy) atthe 
vena contract, Further downeteam, 
2the id steam expands into alarger 
Sea, velocity decreases and pressure 
increazer. However, downsteam 
Pressure ever recovers completely to 
qualthe pressure that ested upstveam 
ofthe vale The pressure differenti 
(aptatexst across the vas 2 
measure ofthe amount of energy that 
was ssipated inthe valve. Figure 5.7 
Provides pressure profile expaungthe 
“fering pertormance of 3steamined 
high-recveryvahe, suchas ball 

vali, and vale with ower recovery 
‘apabis duet greater internal 
turbulence and dissipation of energy 


‘The physical phenomenalabelis used to 
<escibe ashing and entation because 
these conditions represent actual 
‘Ganges inthe phate ofthe uid media, 
‘Te change rom the liquid tate tthe 
‘vapor state andes femthe increase 
Infidel trust downetieam 
ofthe greatest Row estictn, 
‘normaly the valve pot. Aslgu low 
passes through theesticton there 
‘Sanecking down, or contraction of 

the low steam, he minimum cost- 
‘sectlonal are othe lw stream occur 
st dwnsteam ofthe actual ysl 
Festction ata ait called thevena 
onacta, as shown n Figures 6 
Tomaintaina steady fow of lqud 
thvough the vabe. the vac must be 


‘rstes atthe va conracta where 
‘rse-sectonalareais the leat The 


Incresein veloc orkinetic energyis 
accompanied asubstantal decease 


eet an 


Regardless therecovery 
‘haracterstc ofthe val the pressure 
diferent of meres pertaining to 
Mashing and cavitation the diferent 
between the valve niet andthe vena 
contacta. I prestuteat the vena 
contracta should op below the vapor 
pressure ofthe fd (due to increased 
Fuld veloc at ths pit) bubbles will 
forminthe ow team. Formation of 
bubbles wilincease greatly a5 vena 
contract pressure drops further blow 
the vapor pressure of helqul. this 
Stage theelsno dference between 
fishing and aveation, but the potenti 
Forstrcturaldamage tothe vale 
dotintly ext 


pressure at the vahe outlet mans 
below the vapr pressure ofthe 


gui the bubbles wllremaininthe 5.14.2 Valve Selection for Flashing 
ownstream system and the process Service 
Said tobe fashng. ashing can produce 


Serious erosion damageto the vale 
Fata erosion damageto the wake Gamage haracered by asmoath, 


seis eibe Pld appenancct heads 
odedaurac ashowninfiguess. sacs Toraiew.fashngoccrs 
Fehoatsnomaly genet rept ; a 
dfn una arr_Peedomtaol eva and 
seareseatingctbevabepaand eng anton ota 
snlopesins temperate. 
r There heart ht define 
Aang ae at recy eoeay be 
| ‘ae hs futher man hres oy 


Asshownin igure 58, ashing 


foray contolave to prevent ashing, 
Since Mashing cannot be prevetedby 
the valve the best olution eto select 
valve with proper geometry nd 
Imateals to aad or minimize damage. 


In general eoson is minimizedby 


1 Proveting or reducing the patie 
(iglddaplets ints case)impsct 
Wit the valve suraces 


* Making those surtaces as hard 


Teer ipa anaoonae — Posse 
* Lowering the veloc ofthe 
Ontheothertand, ifthe downsteam —" erswetlaw 


Resuclesooe ie wporpeeie 
of the liquid, the bubbles will collapse, Seating esherwthes tented 
ttedagdd he itlenllenlape, SSN aru ps 
Cilopingcesperaerees BEEStnonie ofaienpas 
seigand poducesanoisesimiar cen which provide sich ow path 
BaRonrweepect gael” Sheri pone ah af 
ttetourgtaigtbevabe fie Same anyon cha 
‘bubbles colasein close prsmity tae straight hough fw path. 
‘csiecinvare taney estes op 
srecedmaytacanathe mae acting pare 
— beneficial because the erosive velocity 
townie Cntaton damage precast oe es 
Bouin tsreunerepese  Mmustinpac thea suc t 
comryccarsandthebbiles | Naar hata astrdaspesie 
{Slope ighreconey aes tendo 
cola Heecmnyrbestendto Coy itunes 
‘vena contracta pressure slower and Venger wil each ancaine, 
orellay tread downtothelgud's Pid thatareboh ashing and 
‘orm conse canbe epee 


‘ashing waterinasteelvalveisan___bubblesare formed. 
example of the synergistic result of both the second method does nat eliminate 


‘omenon anderosion. The watereauset 
the evtation but rather minimizes 
omesionfsteel andthe ashing causes sates the damage much the same 36 


cresionof the esutan, soft, one layer. eh ashing soktlons. Thiemethod 
these combine to cate damage Wrst Sims t oat the cavitation fom he 
than ether indidualmechanism would. tacerandta harden hove surfaces 
‘The solutionin thi case to prevent the 
conesionty slecting, raminmum, 2 ‘earthe cavitation dos impact 
lowly soe. thd methods ta change the system 
Inamannerto preven the causes of 
15.14. Valve Selection for Cavitation Catton. theP, can berased enough 
Service thatthe vn contact pressure 


doesnot allel the vapor pressure, 
‘Cavitation damage characterized by thats the vale is no longer choked, 


rough cnderie appearance ofthe utthesahe Snlonge oka 
frodedsuracesshowninfigures 0.x Rencegetion wit be sade 
Sastnclyaferentomthesmoath, pelasediymaingtbewabe 03 
Polshed appewancecausedbythe  Fedumaeamse Api an nice 
resol fsting The evossecton peor smlrbadpesute dee cn 
ecibes ow cavtaton occurs when Gooraseatthesae the dome 
vena catractapresuesish3n ie poe fr the cantaon Oo aser 
‘oandFsareaterthanE. Cavitation rym valve tte aie pe « 
ine te by several ean 


5.15 Noise Prediction 
5.15.1 Aerodynamic 


Industry leader use thentematonl 
Elecrtecncal Canmision sand 
ieee ital pocesrcotoh 
aves Part Ne Conadestone~ 
Seton contalvakesrxhramic 

Tippee antag ne pedeton method. The Method 
consetsofa iat themedjamic 

‘Theft to siinate the cation 
Sd aerdynai theory and empl 

aedthusthedamageby anasing ”_agraton The desig te tho 

thepresuredop the presuredrop Slowrandecredcteniorsvave 
came Senviiocan becantroled based on the measurable geometry of 

Suchihaltheloclpesureneve! esate seis conan 

‘drapabelay the-vepar presse, then applied to the valve. The standard also 

_no vapor bubbles will form. Without allows valve vendors to use laboratory 

Capotbubblestocolae thereto Howse vedorstowse ba 

‘itaton Toeliminatecavtationthe — FPevenert tg raaderore erate 

{salpessuedrpaesthevahels_famenokto rode more ac 

tone case cf ths aayical 
sol, tingmutiplesiagetims.into_ Pncsortigsakerele pedon 


{imaier portions Excel tece small aMenvor or salve noes predict 
“ropsleepts vena contracts pressure {EC method alowsan object 


above the vapor pressure sonovapor 


‘Themethod descbestwodiferent allows laboratory measured acoustic 
olsesourcesthatean contmbite tthe eflencestoreplae the analytical 
‘veal nalse generated bythe ve: estimations. The acoustic eficlency 
Inimoiseand vale outetnage. The establshes the action ofthe total 
ttimnoiels dependent onthetype ct Stream power, as eaeuated in Step 1. 
Inimanditsgsometacteatures The whichienlse power Indeignng 
‘ale outlet noses dependent onthe quiet va ower acoustic efcleny i 
‘ale outlet area valve outer Mach ane of the goals 

‘number and any expander downstream 


2. Cart cee prt se 
BE ysl presuespecm 

oe lefinesfivebasic steps to The final goal of the EC prediction 
Trobepredcton Wheappicn, — Tonsulanfetbe EC pe 
imestpenedtnbecarpceans — ehoddeeriatoncihe 


‘oth the tim and va out nls 
point qutsie thevalve where human 
sourcesandcomblneditoatatlvave foxy eee were 


ofthe vale 


oiseleve oust power, which sot dec 
|. Calulaethetotlsream powerinthe measurable Acoustic or ound pressure 
Prcestatthe ene contact, lemessrable snd therefore hax become 


Thenoatierestiegenarated ythe he fteveeion xrose mes 
\aheinanddownstreamofthevena "Stistont. Converting rom acoustic 
Contact thetotalpowerdssipated Powertothecneral sound presueleel 
bythvttingathevenacontactacan SSDs emus theor. 
becakulaedtenthetractinthatsToincrease the accuracy ofthe nase 
‘oseponercanbe determined Since predeton, the standard empbysa 
poweristhetmerateafenegy.afrm frequency spectrum caluaton A 
the falarequtonorclatng) sound pesturespectum defines ow 
Kinet eergycanbewsed Thekinete —muchnase eustsat each frequency 


‘energy equations 2m wherem —_intheaudberange. This spectrums 
lSmatsandvisvelocty Hthemass _shapecanbe determined rom the 

flowratelscubettuted iorthe mass vale geometry, ow conditions andan 
tem thentheequatoncacustes| Weal characterise spectrum gen n 
thepower Thevelcty Sthevena  thestandar. Thestandard ao allows 


Contractaelocky and lscalelsted with laboratory messed charateite 
theenergy equation oftheFiestLawof spectrum tobe used, 


‘Thermodynamics ee aueenee 
2 deemoettefocioncfitipane STE palond reste sad 


that cout poe. pressure spectrum athe outside 
‘The method considers the process Surface of the pe 
condhionsappledatrossthevale steps ty 

Steps 1 through ae volved wth 
todetaine the parte nise the nose generation process insidethe 
generatingmechanisminthe vale, pipe. Thee are times when ths isthe 
‘There are ve defied regimes edo terest, butte naiselevels on 
dependent on therelatonshipot the ouside of theppeaethe prime 


‘the ven contract pressureandthe 
<lwastream pressure. Fo each ofthese 
fegimesan acoustic effcencyisdefined The method must accountforthe 
srg caeaueed The stondatd ote change inthe nose asthe ference 


requirement. 


Jocation moves rom inside the poe 
‘tooutsde the pipe The pipe wallhas 
physical characteris, du tats 
‘rater sl, and shape that deine 
tw wel te nie wil ranma 

through the ple. Theud-borne 
olseinside the pipe must interact 

‘th theinelde pipe val to cause the 
‘ie walt vibrate then the vibration 
‘must ransmit through the pipe wal 

tothe outside ppewal and there the 
‘utd ppewall mstineract with 

the atmosphere to generate sound 
raves. Thesethree steps af noe 
ttansmsion are dependent on the nose 
frequency. The method determines 

the pipe transmission lssasafunction 
‘ftrequency. The method then 
‘compares the nteral oie spectrum 
Sn he tranemissonlos spectrum to 
‘etermine how much the external sound 
pressure spectrum willbe atenusted by 
the pipe wal, 


5 Accountfar stance and cal the 
Sound presale at the 
observ ocaten, 


‘top 4 dlversthe extemal sound 
pressure evel spectrum atthe outside 
Surface ofthe speval Aga, base 
acoustic theory sapped to caluatethe 
Sound pesure lve atthe observers 
location, Sound power constant for 
anya)ven station, but the associated 
Sound pressure level vanes with tears 
the power Isspread over. Asthe observer 
‘movesfarther aay rom the pipe wal. 
thetotlarethe sound power ispread 
‘her increses. This causes the ound 
pressure evel to decrease 


5.15.2 Hydrodynamic 
Noticeable ydrodynamic noises 
‘sully ssodated with cavitation, The 
ttational description of the sounds 
stocks lowing sie the pipe. This 
‘Ssocatonof hydrodyramicnoise wth 
‘aviation reflected nthe various 
‘redcton methods valble today. 


‘he methads account forone noe 
‘characteristic frauds in non-<hoked 
flow tuations and another haractertte 
Inchoked aveating Pow stuators. 


There area variety of situations where 
the fldica two-phase mintre 


Theseincudeliquid-gas two-phase 
fis the tof the vale ashing 
Mis and ids that demonstrate 
outgassing due to throting. Nose 
prediction methods for these cases are 
hot yet wellestablshed, Test sults and 
fed surveys of installed mul-phase 
systems indicate these nas levels do 
not cantibute to oral pan ole 
Tevls ar exceed worker exposueleel. © 


S 


acai tea a 
secsnamehae 


5.16 Noise Control 


Incosedsystoms (nc vented 
atmosphere) any nose produce in 

the process becomes borne only 

by tranemisson through the aves 

and adjacent piping that contain the 
flawateam, The sound field inthe 
Aowstream forces these solid boundaries 
tovbrate, The vibrations cause 
tdsturbances inthe ambient atmosphere 
that are propagated as sound waves. 


Noise contol employs ther source 
"weatment path reatment or bath 


Fan ean ofr 


qi 


‘ae ated oe en Coe 


Source treatment, preventing or 
attenuating noe ais sures 
Tthemost desrable approach 
cooomicaly and phys feasible, 


Recommended capestylesource 
‘teatment approaches are depicted in 
Figur 5.10 The upper view shows 
‘age wth manyrarow paral sas 


pac pee ime ca 


designed minimize turbulence and 
provide a favorable lacy dtibtion 
Inthe expansion area. Thseconomical, 
2pproach to quer vale designcan 
provide 15 to 20dBA rlsereductin 
(thie ene decrease fl capac, 


The ower viewin igure 5.10shons 3 
two-stage, cage-tle trim designed 


{ocoptimum nls attenuation where 
presure drop ratios API are hgh. 
Toobtaln the desired esl, restrictions 
snustbe sized and spacedin the primary 
‘age wallsatha the nose generated 

byjet interaction snot greater than the 
Summation af the nose generated by 
the india ets 


‘Thistrim design can reduce thevave 
‘olseby 2s mucha 308A. The final 
esign ses a combination of several 
alse reduction trateglesta reduce 
‘ae nose upto 40 dBA. Those 
Strategies are 

* Unique passage shape reducesthe 
‘conversion of total steam power 
‘generated by the valve te nase 
ower. 

* Multistage pressure reduction 
{vides the stream power between 
Stages and further reduces the 
Scout conversion eficency 

1 Frequency spectrum siting reduces 
acoustic energy inthe audblerange 
Byeaptalang on thewansmssian 
(oer of the ppg. 

' Bt jetindependenc s maintained 
oavodd nae regeneration due to 
et codescence 

* Velocity managements 
accomplished with expanding reas 
{accommodate the expanding 

* Complementary body designs prevent 
fiw impingement onthe bod val 
and secondary nae sources. 

Fo contol valve applications operating 
thigh pressureravs (APP; >03) he 
{rls etiton approach, spliting 
‘the total presse crop between the 
‘ontrolvalve anda fied etrtion 
{etuser) downstream ofthe valve can 
‘beffactvein minimizing nae, To 
oplimizetheeflectvenessof aur, 
{tmustbe designed (spel shape and 
Sing) foreach ven stations that 
thenoise eves generated by the vale 
and dls are equal igure.11 shows 


atyplainstalation 


Control systems venting to atmosphere 
are generally ver nolsy because of 
the high pressureratiosandhigh ext 
\eloctles volved, Dividing the total 
Pressure drop between the actual 
ent and an upstream contol ale, by 
Imeane of vent afl qulete both 
the valve and the vent propery sized 
‘vent fuser and valve combination, 
Such a that shown in igure 5. 12,can 
Feduce the overall system noiselevelas 
muchas 4084. 


Source reatment for noise problems 
Seoeated wth conta vas handling 
quid directed primary at elminating 
‘rminimizing cautaton Because Tow 
Condions that wl produce cavitation 
fan beaccurately predicted valve 

noise esuting fram cavitation an be 
‘imiatedby application of appropriate 
limits tothe sence conditions atthe 
‘ale by seo break down ones, 
Valves series, ete Another approach 
tosource treatment ieusng spec 
Valve wim that uses the series restcton 
concept to eliminate cavtation a5 shown 
Inrigure 5.13, 


|Asecond approach to nose controls 
that path eatment The fui steam 
Is anexcllet ne transmission path, 
Path restment consists of creasing 
the impedance ofthe transmision 
path to reduce the acouticenergy 
ommuniested athe ecove 


Dissipation of acoustic energy by use 
‘factual abeorbent mater 

‘ne ofthe mos eflectve methods of 
path treatment. Whenever possible the 
courts! material should be losted9 
theo ream ether atocimmedatey 
downstream of the nse source. In 
{9355jstams, inline slencers effectively 
Alsipate the noe wit the Muidstream 
Sndattenuate the ne level transmitted 
tothe sold boundaie Where igh 

mas rates andor high pressure 


‘ates aos the vac inne suchas shown in Figures 5.15and5.16 
Slencerssuchasthatshownin igure Process facity requirements or ow 
Scareoftenthe mast realitie and enironmenal impact wil conti 0 
economealapproach tnoie contra, deve the need for quer contrl vale 
Useotsbeorton-ypeinine silencers The prediction technologles and valve 
‘anprovidesimast any degree of designs that deliver ths are always 
Stenuston dese, However. economic being improved. Forte atest nether 
‘considerations generally nitthe ‘equipment ar prediction technology 


Insersonlosstaspproumately25dBA. contact the valve manufactures 
—_—A_COC_rOC representative, = 


rap 


Nols thatcannot be eliminated within 
theboundanes ofthe flaw steam must 
‘be oliminated by extemal treatment 
Thsapproachto the abatement of 
contolvavenalsesuggeststhe use 
‘they walle piping acoustical 
Insult ofthe exposed sok 
‘oundatesof the ud stream, use 
insulated boxes. buldngs, eto 
‘olathe nose source asec spe et te bet 
Path reatmentsuch as heavy wallpe Pr tedeamc 

‘orextera coutcal insulation can be 


economical and effective technique r 
forlocazed note abatement However, 

‘ates propagated orlg distances a 

theflud stream and heeffectvenss of 

‘the heavy wall ppeoreatealinsulaton 

fendewherethe testment ends = 

5.17 Noise Summary 

‘Te amauntof nose that wile 

‘generated by proposed control 


‘al ntallation canbe quickly and 
‘reasonably predicted by ue of ndustty [ages ema vacuih amar 
‘Sandardmethods, These methads Wasa ue 

are avalalein computer software 

{aceaee of use Such sing and noe 

‘rection tools hep inthe proper 

{lection of nae eduction equipment 


5.18 Packing Selection 


‘Theflloning tables and igure 5.17 and. offer packing selection guidelines for 
sling -tem and rotary valve, 
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5.18.1 Packing Selection Guidelines for Siding Stem Valves 
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5.18.2 Packing Selection Guidelines for Rotary Valves 
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5.19 Valve Body Materials encounteredwith ome ofthose als. 


‘Body material selection s usually based Boece probe hel racers 
onthe pressure, temperature coronke_onOnsen stance compared tO 
‘ropertes anderosive properties the sues, and unaeeptable lead times, 
iow media.Sometimesacompromise These alloys ar ala afi cat 
rmuthe reached nslectngamatera. pense ee nae 
Forinstance,amater ith good eoion qualification process, dedated patton 
‘Sansa nesasay quipment, pattem alloy qualification, 
use of poororeslonresstance —equalfcation, and deta controls 
hen handing particular Pu raw mater vial nspetion. eld 


‘Some serie conditions requre sect reals, beat treatment, and nr 
fvoticaloysandmetaltowithstand destructive testing, Designations for 
prialareonese properties fhe there exotic and comman grades are 
fing fi. These materaeare much shawn 10.1 Table Designations for 
‘more expensive than common mata, Common Valve Body Mater 


so economy may also be factor in 
‘motel selection, Fortunately, the 
‘manta cantrolvahe applications 
andl lately non coresve fads at 
reasonable pressures andtemperatres. 
‘Thatta, cast carbon steals the most 
‘commonly used valve by materi nd 
‘canprovide satisfactory service t much tei, partly or presure- 
lower east than the encticalloy mates. Containingpars Adana engineting 
Specifications havebeen developed datz ontheseandothermaterals 
farordernghighcoreson-exstant, Included InChaptr 13. 

Ingh-alloy castings. These specications 

‘eprezentsalutons to problems 


Thefollowing descriptions and tables 
provide has iformation on various 
Popularcasing grades used for 
onto valve bodes, ASTM materi 
‘desgnations at incaded Use of proper 
[AST designationsis considered good 
practice andisencouraged inspecting 


astCarbon Stel ASTMAZI6 Grade 
‘Wee)-iNCCis themes popu cart, 
‘eel mater used forvavebodlesin 
‘modeatesanicessuchat a saturated or 
Supereated tear, noncaosivelguds 
andgases WCC isnot wed above 25°C 
{@OKF) athe cation ch phase might 
‘becomvestedto graphite. tisgenealy 
‘ded without post weld heat teatment 
‘Unless minal hicks exceeds 11/4 
‘ches (32m), Major wel reps 
slays recalve post weld heat eatnent 
‘astchromium-Molybdenum steel 
{(ASTMA2T7 Grade WeO)- This the 
Standard castro grade WCO has 
replaced C5as the standard because of 
Super casting and welding properties. 
‘Weahassoccostlly placed Cin 
‘mostappliatios, speclyinsteam 
Sind bots feedwater service, The 
‘omim and molybdenum provide 
‘rosioncortoson and creep restance, 
‘aking useful to 595°C (1100), WO 
‘Sgenealy heat ested ater welding, 
Major wel repairs always receive 
postwald heat treatment. 


as Type 304 staloless Steel (ASTM 
‘8351 Grade CF3)— hiss common 
‘materia offering for chemical sevice 
‘aves. Catt 3040 often prefered for 
‘iti acd and certain other chem 
Service applatons. Optimum 
‘orosion esstance sretained even in 
the ae-nelded condition when proper 
lwolding procedures are used. CF3 5 
‘ot rated for pressure boundary parts 
shove 425°C (8007) 


Cast ype316 talness Stel(ASTAL 
‘A351 Grade CF8M)=Thsisthe indy 
‘Nendardstanes steal cast by 
‘materia The ado of malyodenum 
jes Type 316 greater resistance to 
fnrosion ping cee. and ding 
Flidscomparedta 304 or 304 Rhaethe 
widest temperature ange ofan standard 
mater -25¢C( 425 toate 
(15007), The castings are heat treatedto 
provide maximum caesion resistance At 
Ferperatre above S38 (1000) the 
‘bon content shal be 0.08% minimum. 


(ast Type 317 staoless Steel (ASTM 
[A351 Grade CGBM)=5317005 

sentially S31600 with the nickel and 
‘molybdenum contents increased 1. 
fac. Ths affords rete resistance to 
pitting than is obtained with 31600 


ke $21600, 21700 completely 
austenitic and non-magnetie Because 
is suengthis sma tothat of S31600, 
Ithas the samepressue-temperature 
ratings. CCAM the casting version 
1531700: Reontains considerable 
mounts ofere (150358) ands, 
therefore. partly to strongly magnetic. 
IngeneralTypeS31700has better 
ferroson resstance than 316009 
‘certain environments because afte 
higher molybdenum content thas 
ood corrosion esistancein many 
pplication suchas eigester qua, ey 
hone de and many ater pup 
nd paper environments For CGBM, the 
‘mauimumtemperture for pressure- 
retaining parts s538°C (10007). 


5.19.1 Designations for Common Valve Body Materials 
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5.20 Pressure-Temperature Ratings 


‘5.20.1 ressure-Temperature Ratings for Standard Class ASTM A216 Grode 
WC Cast Valves 


(@nAccordance with ASMEBI6.34-2013) 


Sa Sa 
7 i 


‘5.20.2 Pressure-Temperature Ratings fr Standard Class ASTM A217 Grade 


Wo Cast Valves 
(Un Accordance with ASMEBI6.34-2013) 
= Tag RTS 
a = 
F a = 


'5:20.3 Pressure-Temperature Ratings fr Standard Cass ASTM A251 Grade 


GF3Cast Valves 
(Wn Accordance with ASME B16 34-2013) 
serve | 5p a a 


‘5.20.4 Pressure-Temperoture Ratings for Standard Class ASTM A351 Grodes 


(CaM and CcBNe” Valves 
(Wn Accordance with ASME B16 34-2013) 
ee ee 


Pressure Temperature Ratings for Sanda Class ASTAA3S Grades CFM and CCAM 


Vives continu 
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5.21 Non-Metallic Material Abbreviations 


"eatin a Tale aa acon 
aT TE ope TE 
fe Taeraanaee 

FR cebaTie itty cana 
Fone coi cts Tele csh 
Ftireere rere coe 


5.22 Non-Destructive book wisummarize the principles 


Test Procedures fondue aarti ceed 


‘uccesful completion af specie non- ANS), ASME. and ASTM standards 
‘estructiv examinations lerequed for 

‘abies itendedforsucesrserice and 5.22.1 Magnetic Particle (Surface) 
‘may berequiedby codesorcustome's Examination 

‘non-nuclear aplcations particlary 


berate Magoatc pate examination canbe 


used ony on materas which canbe 


‘Aso, succesfulcompletion ofthe maghetized. The principle includes, 
fexaminationsmay permituprating—_appliation ofa rect cutrent across a 
OTASME StandardClssbuttwelded- _pleceto induce amaghetic eld inthe 
fendvavestoa Special lass rating. pce Surface or shallow subsurace 
‘The Special Clserating permits use of defects dtore the magni i to 
thebuttwelded-endvalesathigher the extent hata secondary magnetic 
besuresthanalowedforSeandard field develop sroundthe asec. 
{hse vahes Proceduresrequted for Wamagnet powder, ether dry or 
Uptating tothe SpecalClssare detaled suspended in qu, spread overthe 
IMASME Standard B16.24, ‘magetizedpoce,aeas of dstorted 


Wile is acest os SE ‘magnetic fed wllbe vibe revealing 


anindeabon inthe piece inthe ares of 
‘complete details of cade requirements 
fomnordestuctueesaminations this dStorton. Aer de-magnetizng the 


piece by reversing the electric erent 
[tay be posse to weldepathe 
Indleatonoritmay be necessary 

ta repace the piece After ep or 
replacement. the magnetic particle 
‘samination must berepested. 


5.22.2 Liquid Penetrant (Surface) 
Examination 


‘Thisexamination method permits 
detection of suracendeations not 
sible tothe naked ye. Th surface to 
‘beexamid is cesnedthoroughy 2nd 
shied. Teliquidpenetrant dye ether 
eater washable or solvent removable, 
‘Sappledty dipping, brushing, or 
“paying, and allowed time to penetrate 
acess ponetrant washed orwped off 
(epending ante penetrant use). The 
Surface agin thoroughly ded nd 
‘evelper (qui or pawde applied 
Inspecben s performed under the 
Sppleable ight sauce (Oxpending on 
‘thepenetant some devlopersrequre 
{se of anultravlet or lak ight to 
‘expose defective ares). defects ae 
‘discovered and repatred by welding, the 
lec must bere-namined alter tepa 


5.22.3 Radiographic (Volumetric) 
Examination 


Radiography of control valve parts works 
‘onthe principle that Xays and gamma 
‘aysuillpass through meta abects 
lich areimpervous to vse ght 

and wil expose photographic lm or 
{Sata Xray sensors. Thenumber and 
Intensity ofthe as passing through 

the mel object depend onthe density 
‘ofthe materia Subsurface defects 
Fepresentchangesin dens ofthe 
‘rater andean therefore be detected 
‘adographicaly. The lece tobe 
Inspected placedbetween the Xsay or 
‘Gamma ray source and the photographie 
fim or dgtal Xa sensors Detalland 
‘contrast sestvty are determined by 
‘adographingone or more sal fat 


ats of specified thickness atthe same 
Tine the test subjects exposed. The 
‘all fiat pate, alld penetrmete, 
has several hols of specfed dametars 
dled init tsimagecnthe exposed 
fim ar dgtalimage, along withthe 
vals body or other est sbject, makes 
Itpossibleto determine the deta and 
contrast senstvty ofthe radoaraph, 


Radiography can detect such casting 
dafets gas and blowhles, snd 
Inclslons, intemal sheinkage, cracks, 
hattears andslog Incusonsineasings 
fornucesrserve, some delecte such 
aecracks andhot tears arexpresay 
forbdldenand cannot be epared 

The udgmentand experience ofthe 
radlogaphers important because 
they must compare the radlograph 
with theacceptancectena (ASTM 
Feference radiographs) to determine 
the adequacy ofthe casting, When weld 
Fepatsarerequted, the casting must be 
Fadlographed agan after the epa 


‘5.22.4 Ultrasone (Volumetric) 
Examination 


Thmethodmantors sound wane 
relctins ram the piece beng inspected 
to deteminethe depthandste of any 
Indeatons Utzon examination 

Cn detect oregn matetalsand 
Alscontewites in fine-grained metal 
Srdthuslende alto volumetric 
‘tamination ofstructree suche pte, 
ba. and ogngs. The testis 
conducted ether with aspectlolcaled 2 
uplentor underwater tenure efcent 
tranamission of ound waves The sound 
waves are generated by art probe 
dare reflected each trace nie 
lec bing tested tht ateacouter 
Faceoftheplece sl and at each face 
ofthe damaged or malformed iteral 
Porton These reflection re recaved 
bythecystal probe and dspayedona 
sdrsentoreesthe location and sevety 
oftheindcaton © 


———— 
Chapter 6 


Special and Severe Service Control Valves 


As scusse previous chapters, 
‘Sandard contr valves can hance 

2 wide ange of conta apoeations 

‘Te rangecf standard applications 
‘canbe defined as being encompassed 
byratmaspheiepressareand 414 bar 
(6000 psig), 101° (150 and 232°C 
(450°. fw coeticentC,valuesof 1.0 
Sd 25600, andthe lms impased by 
‘common midst standarde- Certain, 
Comorvenes and vicoty ofthe fa, 
Feskage rates, and many ater factors 
demand eonsderation even for standard 
applications. Perhaps the nee for careful 
‘onsderaton of av selection becomes 
‘more crite for applications ousdethe 
‘fandard its mentioned above 


“This chapter dscussessomespecal 
appliationsandeonrl sae 
‘medcatone wsfulincontraling ther, 
‘esgns and materials for severe sevice. 
andes requirements useful cartzol 
‘alesused innudear powerplant service 


6.1 High-Capacity Control 
Valves 


General, globe style vales larger 
‘than NPS 12, ball vales over NPS 24 
and high petfrmance buttery aves 
lergerthan NPS 48 fallinthe special 
sale category. As valve sizes nerease 
arithmetical, static pressure loads 
shutoff increase geometrical 
Consequently, shaft strength bearing 
Joads. unbalance forces, and avalable 
ctor thrust ll become more 
‘Sgnficant with increasing vale 
‘Normally aia alowable pressure 
opis reduced on urge vabestokeep 
‘est and actuator requirements 
‘thin reasonable lite, ven with 
lowered working pressure ratings. the 
fo eapacty of some age-ow ales 
remains tremendous 


ara 


High performance buttery vahes 
provide outstanding performance under 
xtome pressure and temperature 
enone The valve maintains ight 
Shutoff and canbe specfiedfor aide 
Fangeof pressure and temperature 
‘Wndtions. Asplined dove shat 
Combines witha Variety of spring 
2and-daphragm or pneumatic piston 
Sctustorsta make thevave ala, 
iihpertormance bute vale 

fora variety of trotting and on-off 
plieations inthe various proce 
inductee, nef several dyeame 
sealsthatcan be usedinavaniety of 
demanding appbcatons. wath the 
appropiate seal selection and materials 
fennstructio, the presureassted 
Seal proves excelent shut 


Components complicate stations 
and maintonance procedures. 
instalation ofthe ale body assembly 
Into the pipeline and removal and 
replacement of major tim parts requ 
haawyduty hoists 


Nols vel must be caefully 
‘onsdered inal lange-low installations 
because sound pressure ves increase 
Iniret properuon to few magntude 
Tokeepvahe-viginated note within 
tolerable ints, large cast or fabricated 
\alve body designs (gure 6.2) have 
been developed These bodies. normally 
cagestyle constuction, use unusually 


longvalve plug travel a great number 
cfsmalfiow openings through the wall 
‘ofthe cage, andan expanded ole ine 
‘connection to minimize nie output 
Sndreduce id veloc 


‘are an ete teen 


Naturally, actuator requirements ae 
severe, ad long stroke, doubleacting 
‘pneumatlepstone are yay pected 
forarge-tow appcatons. The physical 
slzeand eight ofthe va and actuator 
‘components complatenstallaton and 
‘malnerance procedures. instalation of 
the vale body assembly into the pple 
and removal andelacemantof major 
trim parts equveheavy-duty hats. 
Maintenance personnel must follow the 
‘manufactures tructon manuals 
‘doselytominmze isk ry 


Someof the ntermedate ratings and 
‘igh apacty canbe met wth lod 
forged bodies Bath lobe andanale 


desgncanbe designed. Theyre 
fasgnedin accordance to ASME BIE.34 
wh tera fanges = 


6.2 Low-Flow C, Control 
Valves 


Fes oc cnc po 


Many applications est in laboratories 
and plot plans in adation tthe 
‘general pocesing industries where 
ental extremely lw Row rates 
Istequie. these applications are 
commonly handled none a two ways 


rst, special rims are often avatable 
In standard contra valve bodes. The 
Specal im stypicaly made up af 
seating and vale plog that have been 
<esigned and machined avery close 
tolerances to allow accuratecontrol 

ct very small ows. These types 
‘constructions an aten handle et 
‘oefcnt law a8 003. Using 

‘these special rims standard control 
‘ales provides economy by reducing 
thenced for spare parts ventory fot 
{pecal valves and actuators Using 

this approach also makes future ow 
‘expansions easy by simpy replacing the 
‘nim components inthe standard contol 
‘ale body 


‘Theo low designs feature low 
<éeadband and bysteres, high How 
‘apacty superb contra characterises, 
tight shut and advanced pacing 
systemsto meet demanding service 
conditions 

‘These valves often handle ow 
oefclnt ae ow a 0.000001. 
‘ation to the ery iow flows these 
Specialty contra valves are compact 
and ightwoight because they ae oten 
‘edinlaboratoryenveonments where 
‘veryight schedule ppngitubiogs 
{50 Thesetypes a entolvaies 

sre specally designed forthe accurate 
‘controle vrylo flowing lqud or 
‘aseous Mud applications» 


6.3 High-Temperature 
Control Valves 


Cantal ves or serie at 
temperatures above 232°C (450) 
‘mustbe designed and speced with 
‘the temperature condtonsinmind. At 
‘elevated temperatures, suchas those 
that maybe encountered in bolt 
feedwater systems and supereater 
bypass systems the standard materials 
‘of eontral valve consructon might 


betnadequateForinstance, lasts, 
‘lester, and standard gaskets 
‘generally pove unsuitable and must 
bereplaced by more durable mater. 
Netabio-metal seating mater are 
ahvays used. Sem-metalic or laminated 
ieable graphite pacing materials ae 
commonly used. and speal-wound 
Sans ste and ele grape 
‘atte are necesary 

CCeMosteels are often used forthe vale 
body astings for temperatures above 
538 (1000°7), ASTIAAT7 Grade 
Wed s used up to $93°C (11007) For 
temperatures upto 816° (1500'F) 
themateril usually selected sASTM 
{A351 Grade CBN, Type 316stalness 
Steal Fortemperatutes between 53°C 
(1000'F and 816° (500°, the carbon 
ontent must he contralled tothe upper 
fend oftherange, 0.08 to 0.03%. The 
SCF= 1Mo-V mater, such as ASTAL 
{A217 grade C1 2a castings and ASTM 
‘182 grade F1 forgings are used at 
temperatures upto 650° (1200"R, 


Extenlon bonnets lp protect 
packing box pars rom exremel hgh 
ferperatres Typical im mata 
Incude cabal ace aly 6,3 th 
oy Sharlacing and nid 4228S. « 


6.4 Cryogenic Service Valves 


Cryogenics sthescince dealing with 
rmatealsand processes at temperatures 
below 101C (1507) Forcontal valve 
2ppliationsincygenc services. mary 
ofthe same esuesneedconsideration 
2s wi high emperature contra valves. 
Paste and estomenc components 
often cease tafuncton appropiate 
temperatures below 18°C (07) 
these temperature ranges, components 
suchas packing and plug seals reque 
pcll consideration, For pug sae 2 
‘Tanda softseal wil become very ard 
andlor plate thus not providing the 
Shutoff equced ram asoftseat Special 


lester hve been applledin these 
temperatures but require special losding 
tachivea tght sea 


Packing 2 concer in cyogenie 
applations because ofthe ost 

‘that may frm onvalves in cryogenic 
ppleatlons Moisture ram the 
[osphere condensates colder 
“urfaces and here the temperature 
ofthe surface elo freezing. the 
‘moleture wil ree nto ayer of fost. 
‘sthis frost andice forme onthe bonnet 
‘nd stem areas of catrlvales and 

{ thestem s stroked bythe actuator, 
‘the layer fost on the stems drawn 
‘through the packing causing tears and 
thule of eal. The saluton to use 
extension bonnes Figure 5) that allow 
‘the pacing box rea ofthe controlvae 
tobe warmed by ambient temperatres, 
thus preventing ost rom formngon 
‘thestem and packing baxareas. The 
length f the extension bonnet depends 
‘onthe appcaton emperture and 
Insulation requirments. Thecolderthe 
pplation, the longer the extension 
Sonnet equves, 


Materia of construction foreryogenic 
2ppliations ae general CFBM body 
Shu bonnet material wth 300 eres 
Sans steel tim materi In fshing 
Spplistons, hard facing might be 
Fequred ta combat erosion = 


6.5 Valves Subjected to 
Cavitation and Fluids with 
Particulate 
Pressure and temperatures in todays 
proces andl recovery faites 
ertinue to cmb, As thoee peste 
and resulta pressure dops increase, 
the propensity for cauiation to cca 
leo ncrenes 

With thatcan come ational 
particulate nthe fd. sth Mud 
Becomes dite, the potential for 
logging the smal holes used or 
‘atation abtementincresee, 

Special wins ae avalable that can handle 
pressure drops nexcess of 000 psig 


Y 


‘parr rm nde caaan 


ilestidewatistsioges (gether 
ee. 
vstaose stearate cobche 


that meet these requlrements. For 
‘oul plug the passages, cae econ 
‘Gamage conentenalatzcavtation toured plus the design ofthe 
trims DST stequenty sedinighPitatipcanbemodifiedso that asthe 
bessuredropappcatonsupta4209 Plea Bmaved hough ts travel rang, 
rsurdropapriatons upto 4200 theunobsructed Now aeachangesin 
Production and power industries. Seto alow forthe generation af the 
Speclictow characters Lkewise, 


cent plugrotarycontravahe cages can be redesigned to meet 
Contos rose coking. andother_Specifecharactertes a wel This 
fardto-fandl fui proving ether Gopecaly common noise abatement 
throting or ojo operation. The Bnd anticavitation type wins where 
Aangedvaive features streanine high evel protection maybe requed 
ow passages rugged metltsim tow fn rtes but much lower 
‘components, andasel-centeringseat —protectionlevele ars equce forthe 
‘ing Figher Row ate conditions. 


The plants that are being cycled multiple 
tunes dally with parades inthe ow 
ae causing seat erosion. The damage 
an occurwhen there entrained 
Particulate that comes fem eocason 
bccuringinthe boer feedwater 
System. Thispartelte driven by the 
Jetseting the cage les, can cause 
Serius damage when he postion of 
the plug ip located infront of the 
holes for extended period of times. The 
damage can occur when controling 
below recammended minimum Cy and 
the dlearance ow erodes the plug tp. 
The protected inside seat design ean 
extend the eric ofthe seat nd 
the plgties 


6.6 Customized 
Characteristics, Noise 
Abatement, and Cavitation 
Mitigation Trims 


Ahough conta valve characterises 
‘eedin standard contra valves, 


a 


Tad) 


Rodrowcntt 


6.7 Control Valves for 
Nuclear Service in North 
America 


‘ice 1970, US. manufacturers and 
supple components for nuclear 
powerplants have been subject 

the requirements o Append, Tle 
1, Part ofthe Cad of federal 
agulations ented Quality Assurance 
Catena fo Nueiear Powe ons ond Fuel 
Reprocessing ans. The US. Nuclear 
Regulatory Commission enforces this 
regulation Uimate responsibly of 
roof of cmplanceto Appendix 8 
Fests the ove ofthe pnt who 
‘mustintum én the manufacturers 
‘fvariouplantcamponents to 
provide documented endencethat 
thecomponents were manufacture, 
Inspected and tested by proven 
techniques performed by quali 
personnel accordingto documented 
procedures 


Inkesping withthe requcement of 
the Code of Federal Regulations, mast 
rudear powerplant components are 
Specfiedin accordance with Secon i 
‘ofthe ASME Bole and Pressure Vsel 
(Code ented Rules for Construction of 
lear Fact Component. llaspects 
ff the manufacturing process must 
bedocumentedina quay control 
‘mantal and audited and cried 


bbyASME before actual manufacture 
athe components Allsubsequent 
‘manufacturing materials and operations 
reto be checked by an authored 
inspector Al valves manufactured 
Inaccordance wth Secton 
requirements recevean ASME code 
nameplate and an W stamp symbolizing 
2ceptabiy for service m nuclear 
power lant applications. ASME Section 
is revised by means af new editions 
‘evry thee years whch maybe used 
Ste date of ue and which became 
‘mandatory smooths after date of 
sue 

ASME Section defines three cade 
classes for vales~ Class 12. 2nd3 
{hss 1 valves are pat ofthe primary 
system pressure boundary, located 
between the reactor presse vesel 
ai thecutermostcantanment 
isolation valves Cats 2 valves are 
arta the emergency core cooling 
System and present annteral part 
‘ofthe protection ofthe pubichealth 
Bnd soety system. Clas valves 
reinstalled nuclear estems that 
perocm emergency equipment cooing 
functions and systems that may contain 
radioactive Muds or material 


Section apples to materia used for 
pressure cetaning pas, desgn ctl, 
Fabrication procedures, non-destructive 
test procedures fr pressure retaining 
pats, yori testing and marking 
nd stamping procedures. Pressure 
Fetaning parts re exposed to orladed 
bythe proces pressure wthin pipeline 
Incontolvalves, thes aretyplealythe 
valve body, bonnet, body-bennet stud 
nd nuts, and the pg or de 


‘Section des not aply to partsnot 
associated withthe presureretaning 
funeion to actuators and accesories 
unless they are pressure retaining pats 
todeterrstionof vas components 
‘le oration, corasion erst, 
"sismic or environmental quaiiestons 


‘erto cleaning panting oc packaging 
‘requirements Gstomerspecetions 
‘ata coverthese areas Wl these 
pars are nat applicable to ASMESection 
they maybe etined as salty rated 
‘cormponents nd subject to TOCFRSO 
‘Append B and reprting requirements 
‘of TOCFRPar 21 Safety relted 
‘Components rites that prevent or 
mitgate offsite exposure andjor enable 
plant to goto andremaininassle 
‘Shutdown conden. ncantrlvales 
Safle related pats can der depending 
‘nthe spect sfety function and 
Sppiieaton of an asembly, bu typialy 
‘tcl the actuator yokes valve 

Stems, stom cannector assembles and 
actuator spingsas wel the pressure 
‘oundaryvahe components Packing 
and gaskets would nat general be 
onsidered safety lated compontets 


IntheUS. the two main reactor designs 
Sr Presid Water Reactors (PWR) 
4nd Boling Water Reactors (BWR) na 
, ximarycoolant waters pumped 
under high pressure tothe reactor 

‘ore where lshested and laws into 
steam generator, where asecandary 
water system generates stam that 
‘ivesthe steam turines. Ina BR, 
rimarycoolng water shested toa 
Boling port bythe reactor coreand 
Convertedta steam that sect used 
{adrivethemain turbines. crcl 
‘ontalvahe application within a PWR 
‘esignls a Presunier Spray Va. Tis 
‘ale provides primary colanttothe 
pressures tha contol the coolant 
Dresurewihin thereactr- Other 
{ial eontrolvahe applications win 
both designs include Min and Startup 
Feedwatr Control Vales. Man Steam 
‘Bypass Controle, and Man Steam 
Dump Vales 

ln Canada, the main reactor design 
‘erefered tas CANDU (Canada 
DecterumUranu), CANDU Sa 
‘ressrtzed Heavy Water Reactor (PWR) 
thatusesuranium a stu source Many 


‘real contrel valve applications within 
fhisplant design onal requred the 
tee f blow sesledbonnets tomate 
harmulemslonethoughthe stam 
pacng Packing systoms such s Evi 
Sislaebengimplemented suites 
relurbsh the CANDU plants to reduce the 
veal eit of eval assembly and 
Improve sesmic performance 

However, customer specications 
roca cover these teas. Section 

IM does apply to materials sed for 
pressureetaning parts, todesign 
tra, to faction procedures, to 
hon-destructive test procedures for 
Pressure retaining parts, toydrostatic 
Testing, and to marking and taming 
procedures. ASME Sectan Ils eed 
by means fsem+annual addenda 
which may be used ater date of sve, 
Sdwch become mandatory si 
Imontheafter date of ue. = 


6.8 Valves Subjected to 
Sulfide Stress Cracking 


[NACE ternational sa technical society 
encered ith crrsion nd comoson- 
Felted eves NACE respnsiblefor 
Slagenumber of standards, uty 
facthe mort nfuental and yellow 
Is MRO175, ormeryettled Sulide 
Sires Cracking. Resstant Metal 
Natal for oil Equipment” 
[M0175 was issued by NACE 975 
to pronde guidelines forthe selection 


‘fmateralethat reresstanttafalure 6.8.1 re-2003 Revisions of NACE 
Infydrogensufde-<omtanngodand — MROT?S 

‘as production envrorments- MOI? 

fasbeen so widely eerenced that, 
throughout the process industry, 
theterm NACE" has become nesrly 


Haare geainz003, * — furshed inthe ecu standard and do 
noe garaneesaby ray gen 
20175 wasmdedsignticatyin aati nhycogensufdecontaning 
2003 revs tocove corde sess Spurenunnente The ade red 
onsen crcing. maton sae tof tothe acl sana belae 
Sescrackng Then mlte 2003, the seectng onl aes sou svc 
beament wares arsed 
[Bit NACEHSO document clea NACE 


The oowing statements, though 
based on infarmation and requrements 
Inte pre-2003 revision of MRIS, 
cannot be presented inthe detall 


# Most ferouematalscan become 
‘susceptible tasulidestress cracking 


14R0175)80 15156, Petroleum and (eefauetohaenng by hea 
NaturalGasIndusis-Materia or Use retmentandorcald werk 
|nt25-Contining Environments nil Convers my ferro metals 
and CasProduction”™ ‘an be heat eated oimprave 


InApri!2003, NACE lea releaseda new —_THBLANCETOSS. 


Stn ONG whch, * Cron andowaloy see rat 
“Mitel Resear tose tess proper heat tented to pode 
CachinginCaresve Petolum tebtoncetoSSc Araxi 
Retngtniconments” Tistandaris ates IC 22aplesto 
essentially the refining industry's “NACE ‘carbon andl lenw-afiny stots, 
So175" no ov ony adress stent teste ae most 
Ihiidester cracking andacsuchis_abtanttoSSCintheamneaia 
similar in many respects to the pre-2003 Pisco irvntor fara meich repeal 
‘esos oFMROT TS Une of MOTD sofas 
‘standard in the refining industry is. banaue) 


+ Coppertased lye inherent 
et reaanttoSS¢,outare general 
1.2013, the document wae eve, totued incl parts a 
‘elrmaited, and eesed aan 0 he wits te approval ofthe 
‘ocumentcaled SO 1745, ted Purchaser duet concer about 
“perleum,Petochemial and Natal ‘ene comes, 

Gs indies Metal Mterale 1 Nhl aleys general row 
Sesitantto Sule Sess racing the bes etanen to SS Same 
{corrosive etaleum Rtning precpitaton oréenblenicla 
Enveonmens n2015, ths wa adopted lyse acceptable fr xen 

by NACE sr WRO103}S0 1798, Soplestonsreqringhghstength 


nor hardness up te aD HRC 


(Chromium nike. and other types 
‘of plating afer no protection against 
SSE Thetrusee alowed insour 


‘Note that compliance with certain 
‘revisions of HACE MRDY75 or NACE 


$R0175)180 15136is mandated by 


statute some tates and egonsin the 
Zpplations for wear resstance but 
USA.Atthstime,NACEMROTOSISO DIARIO or Nesresstance, bt 


17945 snot mandated by any protects noesistant base mate 
‘overning dle, Fromssc 


* Wield repats and fabrication welds 


‘oncarbon and iw-alloystels must of 2S part pressure. mamuam 
Depropery processed toensure tht temperature ppm chlodes, andthe 
hay mee the 22 HRC maxima presence are sur 


Fardness requirement inthe base 
‘etal heabfected one (HAZ), 
Sand weld depos. Aly secs eaure 
posteld heat teatmt nd post 
‘red heat treatment sgeneraly 


316 usage esti alowed but 
inndrvary limited enronmental 
‘ndons. Thelmpact, sticty 
Followed that th mates wl find 


ean et ee 
* Conestonlieretonsanoing "Me saniadaplesens 


‘Spermissble iow tress rez, 
pape {stherng and ow ne equipment, 
fidimonthcousiiedametercl Sh id pocesing facies tobe 
ineflanges.Lawstresidenticaton eq in os bearing hydrocarbon 
Stampingmustbeusedinothersres. Serene doesnot =ppy 10 


The sana prec sng aes 
RBM rae bling or ee advan 
Sopletontiatee contend * Thea esponshity paced 
exposed.” Use of SSGresistant, ‘cocrect materials. The manufacturer 
Selingmata(sudh ASTM Ayreon meen 

Ais ade) sometines ‘ieitesKgea egrets 
Scones acta ‘of MRO175/1S0 15156, but not to 
Gesgredongnay used boing, SMHOT?S/EO S156 at 
fetSimogetna nso gebe 

hectare tin 


Vravoften wsedtoaveld derating 68-3 NACEMROTOS 
‘Asmentioned, NACE MRO1D3 simdarin 

GS.2NACEMROT75)ISO 15156 any espacte tothe re 2003 revsons 
NACEMROI75/SO 151SGintaduced _NACEROI7S. Thefolowing are 
Slonfiantchanges tothestandard. _Somemjr diferences 
However manyend.serscontinue ta = E0103 utiles diferent, 
specify NACE NRO175-2002. feeling Fetnery based definitions forwhat 
‘Tatadeque metsthermeecrin—_Cnes sourenvnunt. The 
‘providing good service ie. The most srs responsible orimposing the 
SGgicanchangesinNACEMRGT?S|——_Taquremens of MROIOS when ey 


015136 ndude 
‘The 17-4441 150 D8Lbating that 
was previously sed fr ulated 
‘exposedboling na Cas 600 globe 

‘ave isnaionger alowed 


‘he 2002 and older eins of 
NOTTS clade environmental 
Fesrctons on afew materiale 

that were continue nthe ter 
fetions.MROTO3 ony desl wth 


‘= Thereuisonaddressesbothsulide _suldesiress cracking It doesnot 

stress raking and chloe sess impose eovronmenta mts en 
resioncradang, Por versions arymaterals Matealsare ether 
Styled most mates a5 seplable ort. 


Sscceplableor unacceptable Because 
itsscope was expanded tocover 
‘horde tres corosion cracking. 
{henew standard teal errs 
Fesistantalloysasacceptable atin 
lit, relred to a“enirenmenta 
lat environmental estrction.” 
These ae typi expressed ntems 


Carbon steel base material that are 
slassfedas Po 1-group or? 
Stes inthe ASME Boer and Pressure 
‘Vessel Code are acceptable per 
0103 wthouebate meta hardness 
requirements, Na, 1 groupe Tad 
include WCC and iceasonge 


‘A105 forgings, A516 rade 70 pate, 
nthe ater common arbonstes! 
presurevesal mata. 

[M0103 imposes welding controls 
Dneatbon sees that are more 
‘igorousthan those Imposed by 
‘Mo1752002. ROTI requires 
{hatP-No 1 eatbon stelsbe welded 
et another NACE document called 
rot72 Methods and Contrlsto 
Prevent in Service Eronmental 
(racking a Carbon Stel Weldments 
Incorroswe Petroleum Refining 
Environments O72 imposes 
onto that ensure both the weld 
Seposttand heat affectedzone 
(Az) inaweldment villosa 
enough foresstsude stress 
{aching RPOH72 tvokes actual 
handnes testing o weld depos 
Impredacton though hardness 
testing waved certain welding 
rocsfiler matrial embnations 
ae employed, HAZ hardness may 
‘becontoled by ether pestwveld 
Feat treatment (WHT) or by base 
‘ate chemistry estrctions sch 
'nposingamaumum carbon 
equnalet(E. 

Uke the 2003 ad ater cevisions of 
‘MOTT, MROTO3 does nat slow 
{he use of S17400 double 1150 
‘Material fo bolting. This means that 
fhe 17-4PHHITSUDBt boing tat 
‘as previously used fr fuleated 
fexposedboling na Cass 600 abe 
‘sno longer alowed. 


‘Whats Universal NACE? 
Universal NACE‘saWCC NACE casting 
‘that complies wit al four standards 
(quot 75-2002, 0175-2003, 

‘R01 75)50 15156, and M00) « 


et 


saa eraree cre eee 
Chapter 7 


Steam Conditioning 
ce 71S ie 


7.1 Understanding fatoroece dept 

‘operation sto select the correct design 
Desuperheating forthe respective application. 
‘Supereated steam provides an Desuperheaterscomenall shapes and 
excelent sue of energy for slesand seats energy trasfr and 
‘mechanical power generation. However, _ mechanical techniques t achieve the 
Inmanyinstoncs steam at greatly deed performance within the lis of 
‘edcedtempertiresearstraton, thesystm emuionment Secon 7.2 
Drovessmore desfable commodity. detalthe derencesinihe types oh 
JTolsthecaseformosthest-ranster desyperheatersavalobleand expected 
applications Pec temperature perfomance 


‘Consol needed to mprove esting 
‘iconcy eliminate unintentional 
Supereatn trating processes, orto 


protect downstream product andor soos Clg 
‘equipment rom heat elated damage cate 

‘One method ta reduce temperatures By snap 
‘the installation of a desupesheater. tee 
Adesuperheaterinjecsacontraled, Toma ® 


predetermined amount of waterint 3 a 
[eam flay toler the temperature of is se 
thesteam, Toachevethseffcent the —§< 
esuperhentermustbe desgnedand us? Lipgimerin aye aeapeioe 
Slectedcorrectyfrthe pplication. otstansaimentaetrenly 
‘Athough ten appearsimplstiin| 

<esgn the desuperheater must integrate 
‘tha wide vanty of compen thermal 
and ow dmamic vaablestobeetectve. Some cf the physical parameter that 


‘The contotofthe water quantty. and affect the performance ofa 
thisthesteamtempersture wesa—— supethostng syste include! 
temperature cotrallop. Toop * Intalation orientation 


Incdesadoumsteam temperate 
clades 2deynsieam temperate stream stalghtppe length 
themensuredtemperstre relive tothe © Spraywater temperature and pressure 
‘eskedsetpoint andthe transmissions corayyater quant 
Thecontolsignaltaawatercontoling —_* SPY quancky 
Sallactustorasembiytometerthe | * Pipeline orlinesize 
‘equred quantity of ater 1 Steam density 


Thesuccessorfalureofapartilar Method of atomization 
esuperheatr instalation ests ona 


‘numberof phystea thermal and geo" Steamvelocity 


‘neti fctor Some of theese 1 Equipment versus system turndown 
‘bviousand some abscurebut alot gation anentation san fen 
‘themaveavaryingimpactonthe | Gyerooked-tutenlesl-factorin he 


performance of thesqupmentand the Secpooted- er chat lator 

perlrmance ofthe system. Corect 
system in wich ts installed, acement ofthe desuperestercan 
Thefrst-andprotaby mastimportant- have a greater impact on system 


‘opertionthanthestyleoftheunit itself. improvementsin lthese areas, 352 
Formostuns the optimumosientaton result increased sraywater 
‘sinaverticalpipeinevaththe flow temperature, improves the overall 
‘rection up. This contarytomost performance ofthe system. 
‘nstalationsseeninindustrytodsy. Equally as important isthe pressure 
ter onetationfactersincude Pipe gropayalabe across the sprayer 
Rae a ercerees Teo sytem (praywater valve and nozzle) 


Pipeline obstruction that exists Increasing the pressure drap available 
Peotromafthewaereetion one. ceasnathe psu ropa 
Figue72ihstatesvafatnsinthe_Sgncany shortest pe length 
fslaionefadenpetesa: tl ‘equrerensdowetran elthe 
‘portttonoetheraimtany deipeeaiog dace. 


‘rentaton canbe made to work alt 


mentation canbemadetowerkfal, The quant water tobe iced il 


havea directly proportional effect on 


Into the design ofthe system. the time for vapanzaion. The heat 
Spraywatertemperturecantavea transfer process time-dependent and 
Slgnficantimpacton desupeeater thus the quantity of prayvater wil 
performance. Although tgoes against affect the ime for complete 

‘Bale convention. high-temperature vaporaton and thermal stably. 


‘waters beterforcaaling. Asthe 
Spraywater temperature increases, flow 
Sn thermal characteris improve and 


Todetecmine the sprayaaterequied 
(Qw)asa function fine steam How 
(01), peform asimple heatbalance 


(nnpet ie flag tng the follaning equation: 
Surface tension 
= Droplet se dstobuton wmass)= Qt + (HEHE) 
= Latentheatofvapoization| 
= Vapocization ate Whereis the mas win PH andH is 


the nda enthalpy vauesatthe 
Ink, outlet and spraywate. 


| aoeall3 


tie 4 


iar aprons 


Whenthe cleustonisperformedasa the flow team (igure73) 
function of euler team Row (Q2). that Sore sing deci 
‘the combination afinletsteam ow eee eet azle 
ad desupereatingspraynater use the Serta veinsucen az 
falowing equation: ‘Gass sectional low aeactthe pipeline. 
‘Asa result, the spay pattern clases 
{ndtherma stratification occurs 
“tbcooed center ore iformedthatie 
Shrouded wth superheated steam. Ths 
Initial desupetheater sizing, it isrequired Condition is normally eliminated after the 
thatthe resultant Qu(mass) econvereed ew seam has undergone several piping 
{te Qu(vlumetc)-Whenusingénglsh ctlonalchanges, but hs not avays 


Uns, thecomersion done a folly; Possblewthin heim of the contol 
System or process. Pope placement of 
high-energy, mult-nazzle units inthe 
large pipelines normaly prvensthe 
fermion of thermal tates, 


‘Quivolumetric sin GPMand pis the The maximum and minimum velocity 


wa 


‘Qwimass)=Q2 + (HEHE 


‘Toperorm a baie caeulation or 


Quire) 0.1 
Pe 


‘Qwivotumetrie)= 


<ensty of thesprayaater nib Ft. thesteambaea det reationtip on 
Based on this conversion, thesicng can the syecesful ming ofthe wate: The 
becompletedwiththefollowing, velocity det affects the esidence 

Claationforeachsetofcondibons: _tmeavelabl othe water to tox with 


& the team, When the maximum velocty 
= Qu{otumetc)« Istoofigh. there potently isnot 
"Out Dara ‘enough time forthe water tout betore 
Irencountersa piping obstruction such 
Where sGisthespsciic gravity ofthe 3 an elbow atee al maximum 
Spraynaterand aPdshisthe pressure Select for pipelines usual ranges rom 
ferential across the proposed 150-250 eet per second 46-75 meters 


esuperbeate. persecond) Note tat higher localized 
Whendesgninganewdesuperester  Yelocties at point afinjection canbe 
Incalation anther cancer forproper benef When the minimum yeocty 
System performancetstheppainesze. is toolow. turbulence reduced ad the 
Asthe nese geslarger, more ater droplets tend tofallout ef 


tention mustbepald tothe penetration Suspension inthe stam, Asa ul. the 
‘eloaty ofthe sprayandthe coverage in” minimum steam loctyin which water 


ae apeiron 


<anremain suspended is approximately 
15-30 eet per second (4.5.9 meters por 
second or spring loaded nozzles. Far 
{pplations with wer velocities, 
‘rope mixing maybe achieved with 
‘Sesuperheatrs that offer aventurior 
Sstomng steam, 

(One ofthe most overased and 
‘misunderstood concepts inthe area of 
<esupetheatingsturndow, When 
Spit ial contra elament, such ¢ 
5 ale, turd isa imple ratio the 
‘reximumto the minimum conte 
fate. Turndown lsometimes used 
‘interchangeably with rangeablty. 
Hower the exact meaning ders 
considerably when cames to acta 
performance comparisons 


{A desuprheatrisnota final control 
‘element, and as such, ts performance 
‘rect inked toits5)stem 
{envronment Fach component ofthe 
esuperheater system hs angesblty 
alitsown stam PRY, water CV, pipe 
Steam velaty, poze dP, Theactual 
System turdown i morea function of 
‘thesystom parameters rather than 
‘secon the equipments emplical flow 
‘aration. Once this is understood 
‘bviousthata good dsupetheater 
‘Cannot overcome the fallge of poor 
System They must beevaluated on ther 
‘own merits and weightedaccordingy 


‘en wth improved noe design 
technology, pipe ners ar often 
specie, especally in areas ofthe Heat 
Recovery Stam Cenesator where 
{oterstageor fia stage atempertors 
are requed Lines ate rarely wed in 
furbne bypass pains. 


Dee to thepartinuateftenpresntin 
Spray water systamsand png, ine 
Stale arealvaysequled Meshes 
‘pendent onthe particular azz sae 
selectd forthe application and ibe 
Specified as parto the desig Fatureto 
‘Gore these mash ses may result 


Improper dessparasting or pip damage 
The previous calculations and 
recommendations provide thenecessary 
Information select the proper 
desuperhenter design and se Ths 
tsletion shouldbe based ona variety of 
pplication considerations suchas: 

* Minimum ta maim lad 
requirementrangeniy 

* Minimum and maximum 
steam velocity, 

* Straight ppelenath and 
temperature sensorlstance 
Aloumeteam ofthe desuperheater 

1 Steam pipelines and schedule 


1 Pressure ciferentl between water 
andsteam 


7.2 Typical Desuperheater 
Designs 


7.21 Fxed-Geometry Nozzle Design 


The Faed- geometry namie design 
(gure 7.4) sasimplemechansaly 
atomized desupereaterwith ingle or 
mltpeixed-geomsty spray nazale, 
Tsintended forappleatons wth near 
‘constant load changes (angealty up 
15:1) ands capable of proper 
Stomiaaton steam flow vletle 3¢ 
dow as 25-30 fet per second under 
optimum condone. 


T 


I 


err eer 


Standard instalation of thstype of unit 
\sthrough flanged branch conection 
tee ona NPS 6 (ON 150} orlarger steam 
‘peli. This design susualy not 
‘malableforlrge, requirements. This 
“hitrequiesan extemal water control 
‘ale ta meter water ow based ana 
signal roma temperature sesorinthe 
‘enstream team tne 


7.2.2 Variable Geometry Nozzle 
Design 


‘The variable geometry nazle design 
(Figure 75) aso a simple mechanically 
stomzeddesuperheater, butt employs 
‘one or more vatable-geometry, back 
‘pressure activated spray nozzles. Oue to 
{he varable-geometry, th unt can 
‘handle appetions requiring contol 
‘ver moderate load changes 
(angeabity up to 20:1) and iscapable 
ol proper atomization inseam flow 
‘edocs ao at 25-30 fet per 
Second under optimum condos. 
‘Standard staltion a hs type of unit 
‘sthrough flanged branch connection 
teeon a NPS 8 (ON 200) or larger steam 
‘peli. Theseunts are avaliable for 
‘moderate C requirements. Ths design 
‘equies an oxteral water conlvake 
tometer ate fw based on a ign 
‘tom atemperature sensor inthe 
‘sonst steam tne 


‘aor Sear 


7.2.3Self.Contoined Design 
The self-contained design (Fgure 75) s 
alo mechanally atomized wth one oF 
‘more varabl-geometry,backpresute- 
sctvated spray names Asaspecal 
Feature th unit incorporates a water 
flow contro element packaged toa 
desuperheating deve Ths 
combination works st ke separate 
Spray vater ale and desupereter ut 
Ispacaaged together to minimize space 
constrains and ppg modiieaton 
necessary on exting installations. 
Because of the cose coordination af the 
Intrinsic contol element and the 
\arable-geometry noes), thsunit 
‘anhandle applications eauring 
ental over moderate to hgh load 
changes (engeabilty yp to 25:1). 
fers proper atomization n steam flow 
Velocities slow a5 25-20 fet per 
Secondunder optimum consis 
Standardnsation of ti type of unit 
Is though flanged branch connection 
teen 2 NPS (DN 200 or ager steam 
Pipeline. These are avalablefor 
moderate C requirements 


Tae ean 


7.24 Steam-Atomized Design 


‘he steam atomized design figure 77) 
Incorporate these of high-pressure 
steamorrapi and complete 
tomzationofthesprajater. Tiss 
especialy seul insta pipe nes that 
have law steam veloc The tomizng 
steam usually twiethe main steam fine 
pressure orhigher, encounter the water 
Inte spray nome chamber where the 
energy ofthe expanding atomiing 
"eamteused toatomze the water to 
‘ery small droplets. These sale. 
ropes allow or faster conversion to 
steamand permitthe water toremaln 
“Suspended alow steam veloc fw, 
thereby alloning complete vaporation 
twaccue The steam-somized design, 
therefore, can properly mix water into 
$eamflow voce a ae 
posal 1 fet per secondunder 


Fanaa al er 


Cae 


ae cg a a 


pimamcondtons.Thisdesan 7.3 Understanding Steam 


‘andes applications requring very high 
load changes rangeabityuptos1)., Conditioning Valves 
Standardnstalaton of histype of unit 
‘sthvough flanged branch connection 
tee on NPS (ON 20) or arger steam 
‘peline This design avaiable for 
‘moderate, requitements. requires an 
‘extemal waercontrlvlveta meter 
‘rater lon based on asia rom 2 
Temperature sensor inthe downstream 
steam line. Thissystem also requires a 
Separate ojo vale forthe atomizing 


steam condtining vale fused or 
the simultaneous reduction af team 
pressure and temperature tothe evel 
Fequired fora gen appction. 
Frequently these applations deal wth 
high let pressures andtermperatures 
and reque significant reductions of 
both pmpartes. They at, therefore, 
best manufactured ina forged snd 
fabricated body that can beter 
withstand steam loods at elevated 


steam supp pressures andtemperaturs. Forged 
1255 ceometry-Asssted Wofer ‘Males pert her design stesss, 
me Ipoved grain stucture, nd an 
Inerent mater ntegrty overcast 
‘The geometyssssted Wafer design | ale bodes, The forged construction 
(Figure 79) was originally developedfor 3a allows the manufacturer to prouide 
sunallseam pipeline sues flessthan po Cee 4500, a well as intermediate 
NPSS(DN 150) thatwerewnableto aerating. Castings may stil bean 
accommodate anneaton syle Dpto when globe sylebodles are 
‘esuperheatr Theuntisdesinedasa required orlawer resus snd 
wae that sinstaledberweentwo temperatures are preset 


{ngesincheseomppene reduced 
‘dre teat vert laws wate 
Spoconplacharcnathenafrand  Seamprperiesaresuel te 
‘pemits matple points of spraying nie tertateredtieeraly 
‘either through drilled holes ar small ‘the forged and fabricated valve body: 


‘ozs addition theventuinceases designs forthe addin ofan 
thesteam elt tthe pont of ape watetn cody te sit 


eam ect she panto eet at thelaver presi nda, 
Rect iene arian ee Oe eat 
Sn abated des alse 
iow aapprontal stot perscond anifabatd deg alos the 
“nderoptimimeandtons ehinaes— ™nsiactiertopovde ent 
aeplcanonsrequtracontoloe | erconnectons omar creh 
rte ad ange (anges up 
{520 Remnbeimstaleinsteam ppe cht ae png 
InesinsedNPS1 thaghNPs2S(ONOtherakantage combing the 
StivaughDN GOD) andissalsble for presureeducton and desupethester, 


Due to frequent extreme changesin 


‘moderate requirements Thisdesgn function nthe same val versusto 

requresanéxtemalvatercontolvake separate devices Include 

tometer waterflow based onasgnal improved spraywater mising due to 

ftom atemperature senor inthe the optumutizaton athe 

‘nsteam stam ne.» turbulent expansion zone 
tlovnstreanva the pressure 
reduction elements 


improved angeablty 


' ase of nstaling and servicing only 
fone device 


‘Several avaliable steam conditioning 
valve designs meet varous applicators. 
{ypealecamplesofthesefalow.» 


7.4Steam Conditioning 
Valves 


‘team contoning valves represent 
state-obthe art control of eam 
pressure and temperatureby combining 
both unctone within ne integral 
‘ontoluni These ales adress he 
‘eed for better contra of team 
‘ondtions brought on by increased 
nergy costs and more rigorous pnt 
‘peration, Stam conditioning ates 
ko prvi etter temperature contro 
Improved noise abatement, endrequie 
{ewer piping andinstalation resticions 
than the equivalent desuperheater and 
pressure eduction station. 


The steam condoning valve showin 
gure 7.10 combines pesure and 
temperature cntalinasingle va 
Fite element analysis (FEA) and 
‘computational dynamic (FD) tools 
‘wore usedin ts devsgpmentto qualify 
Asstructural integrity as well as optimize 
‘the valves operating performance and 
‘vera relabity. Therugged design of 
this steam conltining valve proves 
‘capable of handing fl pressure main 
Steam dogs wiles fowup 
‘onigurationn conjunction with 
‘ontolvave nose abatement 
technology prevents te generation 
feicersive nace and vibration, 


‘The simplified trim configuration Figure 
7.10) sed inthe steam condoning 
‘ale accommodates rapid changesin 
temperatute, a experinced dung = 
turbine tp The age s case hardened 
focmasimumfeandi alowed to 
‘expand during thermaly induced 
‘excursions. Thevahe pigs 


continuously guided and utes 
bat Sased overay both as quide 
bands and to provide ght metal 
etl shut aginst the seat. 


Re ae 


The steam condoning vahe 
Incorporates spajuater manifold 
‘lvmeteam of pressure reduction 
Stage. The mano features variable 
‘geometry, backpressure actuated spray 
ozzles hat maximize mixing 2nd quick 
‘poration ofthe spraywate 


The spray nozzle (gute 7.11) was 
developed original for condenser 
dump systems in which the downstream 
Steam pressure can fall blow the 
‘aturtion oval These tle noes 
allow for improved equipment turndown 
bpyreducing the minimus flow Ts 
secomplshed through nozae 
backpressure at loner dP. Also beneficial 
Isthat an meresednozze dP atlower 
openings alos the water to flash across 
the nozle ext stead af across the 
spray watervalveraim, 


Spring loading ofthe nol plug within 
the spray nal prevent an) such 
‘changes by forcing the plug to close 
‘when flashing occurs. With Mashing the 
ompressblity ofthe fui changes, and 
the nozle springwilforce closure and 
re-presunzation ofthe ld leg, Once 
thi done the Hud wil regain te 
quid properties and reestabish low to 
the condenser. 


nal used whe an appation 
Teque separation te pesie 
" reduction an desiring ncn 
rH) The steam cooler aratemperators 
tipped ahead 
‘eran (rutpe mona ae 
exam immarteed pose) pve cong water Boo 
sou Surat ool poy order 
istaednthe pp wale ie cue 
Thestmcanctiog abn iecstbe uaedtnteplpewaf tect 
beans SopichynienrAterriaasedar] ‘radially nto the high turbulence of the 
‘Pipeline and away from the pipe wall. ‘axial steam flow. The combination of 
The number of injection points varies by (arge contact surface area of the water 
spotcatonwahtigh dees” shghlenc nthe tare 
abe creases dratcalyto eet eehee 
commode telagerspectic 
{elumescorespandghy nloreaced 
‘umber af pals are ranged around Kk 
thecteumeece ofthe ue okng Qe 
fremeormedeampace 
Gatun ef te apy vat « 


‘The simplified trim arangementin the 
steam conditioning vale permits 
‘extending its use tohigher pressure 
asses (vaugh ANSI Class 2500 oF 
‘nigher) and operating temperatures ts 


ari AST 


‘aknced plug configuration provides 7-4-2Steam Sparger 
hse Vshutoft anda linear Steam spargers Figure 7.13) ae 
fw characte pressue-educng devices sed to safely 


Aischargesteamintoacandenser or 
turbine extaut duct. Inaddton the 
steam sparger provides backpressure to 
the turbine bypass valve. Umts steam 
‘velocity and alone reduced pipe sae 


Thesteam condoning vale typcaly 
{es high perormance preumatipton 
chats hcombinasonthacgtal 
Gate conor io achieve afl seen 
fessthan twoseconds whe maintaining 1 ynen the bypass abe and pager. 
ean ‘Sparger design and installation are both 
When ing tates, the steamy tay denen when one oa 
Cendtoningvavecante povidedas Sytem note The desgnel te pagers 
Sepaztecomponents slowing pressure cao pope unsoning tune 
‘Srirolinthevale body and typaceseter odes Row iced 
{emparstutereductonthadawnsrean pees steam prgers can elo vas 
‘eam cooler Ako rast globe bodlescn pase abatement technlogle-« 
‘prided and sed incombiation 
‘hiner se desuperestes or 
‘Pore economia pups 


74.1 Steam Attemperator 
‘The steam attemperatr [igure 7.12) is 


REE pee 


7.5 Understanding Turbine 
Bypass Systems 

The ine bypass system has evohed 
covethe ast ew decades athe made of 
ower plant operations changed: 
‘Serployed routinely nity power 
ants where operations require quick 
Fesponse tov sings nenergy 
‘demands. typical ay of powerplant 
‘operation might tar at minimum oad 
‘ease tatu capac ormost of he 
day rapidly educebackto minimum 
‘utp then up again to flload—al 
‘thin 24-hourperiod. Bole, 
turbines, condensers and other 
{hocatedequbpment cannot respond 
‘roperiy to such rapid changes without 
Some frm ofturbine bypass sytem, 


‘The turbine bypass system allows 
‘operation af the baler independent ot 
the turbine. Inthe start-up made, or 
‘apidreductlon of generation 
‘requirement, the turbine bypass not 
‘nlysupples an altmate wpa or 
‘eum, but conditions the steam tthe 
Same pressure and temperature 
‘sormallproducedby the urine 
‘expansion process By proving sn 
eate ow path forthe steam the 
turbine bypass system protects the 
turbine. boll, and eandenser rm 
damage that may occur rom thermal 


and pressure excursions. For thisreason, 
‘many turbine bypass systems requre 
extremly rapid ope close response 
times formaximum equipment 
protection. Ths accomplished with an 
Euston system that provides bath the 
forces and controlstor such operation. 


Adelina when commissioning anew 
Plant. the turbine bypass system allows 
Startup and heck out ofthe baler 
Separately from theturbne 

Thisalows for quicker plant start-ups, 
which eautsimatractive econome 
gains taso means that ths sedoop 
"stem can prevent atmospheric ossof 
{rented feedwater nd eduction of 
amblent note emission. « 


7.6 Turbine Bypass 
System Components 


The majr elements fa turbine bypass 
system ae turbine bypass vale, 
turbine bypasswater contra valves, and 
the actuation etm, 


7.6.1 Turbine Bypass Valves 


Whether for low pressure, intermediate 
pressure or igh pressure applations, 
{urbe bypass valves usualy require 
tight ema Clase). Bacase ot 
Partelrinstallation requirements these 
Fanfolddesignvaieswiloccaionaly 
besepratedinto two parts the 
pressureeducg portion ofthe vahe 
Erdthentheoutet}manfold cooler 
Seetonlocated cover tothe condenses, 


Selecting turbine bypass control vale 
forthseomplexprocess should fistbe 
dane by understandngthe performance 
{oak tt ned tobe acomplshed, what 
"eal piping geometry ext or planned 
2d determining what process controls 
Seneeded. Once ths understond, 
‘ther factors such ae contol valve syle 
2d ee pressure ad low contolneeds, 
ase specication requirements, ater 


requirements and operational practices However, the valves have to be ft in 
the proces canbe incorporated. Mary marualfora spec amount af time 


‘arationsarepossbleandrange tom” unelthesystems stalled before they 
Separate globe bodes with downstream could swith veto automatic 
esuperheaterstodecesthat operation. This requiesspecaied 
Incomoratepresureandtempesture algorithms and catalog that 
‘cntoinane un increases operation compiexty which, 


Turbine bypassvalve designs canvary punts few yearago, was unavoidable 
considerably. as dothe aplcationsthey Hoeven today's omer markt, the 


Srevequred ta handle. Enos Imi of turbine bypass systems are 
particuar characteristics options that being pushed, Instead of having to worry 
Yel efficient operation overawide about puting the bypasvalvesin 

‘ange of condidons and customer ‘manual during plant even, nstalatons 


‘pected requirements Tubine bypass re singhigh performance actustonto 
\aesareoftencustomizedto specie respond wth bth astand precise 
Instaltions Rarely are any wo turbine contoltomeet vious plant demands 
Spassvaleshstalatonsdenteal  Toningtyrs voce uate 
Separate globe orange abe bodes ith responsive nde protect isl 
<onnatream desperesting deviescan sd cost turbines rom damage during 
beseectedthatcomenientyFntothe Warsents. They so mustbe accurate 
pingiajutsareadyin place Siding. toallow operation atpeakeflency 
Stem contol valves are desigedto pease nae 
pouiepecselovcate Thejako Mtdestandngel th eig sped 
‘anlncorporatenoe abatements eeasstate complex actuation packages 
thatareotenneededtorthelge | ecgnedto mathe eauirementsat 
Pressure dopsseeninstesmletdowm te process Typeal of -4 seconds re 
Trltrtijpmroppcaions Tas, ‘Se@oens okay of 4nd 
approachcanacommodstemildt9 ——sokng speeds fom opento cor. 
sereeappleatoerenges Predsion actuation technology 
- contrat testo noteny tip thsvake 

iver Dine Bypass Woter Control ckiybut do sowth beter than 18 

Posting accra for even erage 
‘These vahesarerequiedtocontolthe contolianes. 
{ow ofthe watertothe turbine YP Sep an tuning shuld be 

ety and tuning shou 
vate Duetoequpmentpotetion accomplished mines 
equirementstlsimperatvethst | Capabityof doing so remotely bei 
these valves provide tight shutoff (Cass funy desirable On the sofwore side 
Vi. Vavetimrequirementscansange yar done trgh slate paclages 
an ened tr to caso that onde for tning parameters set, 


smdution ye Specialy for these types of valves. 

Porametors shouldbe eto improve the 
7.62 Action response to small ampltue steps by 
Intypical bypasssytoms, thas been qverdrving he st pant. asymmetrically 
‘common praciceto tipthe bypass adjust the response tsetindependently 
‘ales toa preset opening inthe opening and cosng times, 
Conespondng tpapredetormined ow Integrate realtime graphs afr 
fate demand during aplantevent. aumento be done remataly 


‘nthe hardyare side, preumatic 
Iara solutons ae alate to 
ateompsh ths fc ask Bath are 
‘wollacepted solutonsin the market and 
‘an bemadeto accompshthesame goal 
‘thins manenance requ.» 


See hdr Revues 
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Control vaeetficiency directly affects _Typealy, manufacturershave packaging 


frocessplant profitably Therolea standards that te dependent upon the 
‘ontrol valve plasin optimizing ‘estinaton and intended length at 
processes soften cvetioked, Many storage befor instalation. Because 
Drocessplnt manages focusmost! __mostvales ave onsite some time 
Fesoureesondstibutedcentralsystems  beforenstaltion, many problems can 
and tha potential for improving beavertedby making sure the detals of 


production efficiency. However, isthe the instalation schedule are known and 
finalcontalelement (typlealy acontral discussed wih the manufacturer atthe 
ale) that actual creates the change inte of valve selection. In adaon, 


theprocess variable Ithevalve isnot special precautions shouldbe taken 
‘working propetiy, nm amount of Upon recep ofthe valve at theta 
ophstetedelecronicratthe front destination. For example. the vale must 
fendiwileorect probleme atthe vale. be stredina dean, dy place avy fem 
‘Asmany tudleshaveshown,convol __anytafficar othe activity hat ould 


\alvesareoftennelectedtothe point damagethevahe. 
thatthey become the weaklnkinthe 


proces conrascheme 
Control valves must operat propery, na 8-2 Proper Installation 
‘matter how sophistcatedthe Techniques 

Sutomationsystem orhow scurtethe —goay tote the cntrolvahe 
‘esrumentaton. wth propervale | ranufacturet's station structions 


‘operation, you can achieve high welds, and cautions, Typical instructions are 
Takyprdaccmscmmpostana 2m, No 


‘enengy consent. 

Loptimzingcontolvaletceney -—‘8.2.1 Read the Instruction Manual 

depends on: Before instaling the va. ead the 

1. Comectcontolvabe section for _Instuction manual struction manuals 
the application desibethe product and review alety 


Issues and precautions ta betaken 
22 Properstorage and protection efere and during ntaltion Following 
3. Properinstaltiontechniques the qudlines nthe manual ape ensure 
iv hacditine pack smveas and sucess instalation, 


‘maintenance program saan assibuokeiccss 


Canuoliaheseecton scoetedin conan thepiplne cola 


apts ropestrage and 
feotacon rtalaton cigs and damage te seating src cfthevae 


PPedcivemantenaceareinadedin  Sceeyabsiuct the movement the 


aie ghapi {oes ot shut pcopety- To elp 
rece he possibly of dangerous 
"fuaton rm occuring clean 
Bl Properstorageand Piostne before ntaling. Make sure 
Protection Pipe scale, metal chips, welding so, 
Troperstrageandprotectonshouldhe slate foreign materi ate removed. 
Picea eae imation, Inspec pe fangesto. 
‘pocessbelorethevekelsshpped, _ersueasooth ssa surface. the 


Valve ha screwed end connections, 


apply agood grade of ppe sealant 
‘ampound tothe male ppeline threads 
Domotuse selanton the female treads 
‘because excess compound the 
female tres could be forced into the 
valve body 


acess compound could caus sticking in 
the valve plug or accumulation of di, 
which could prevent god valve shut 


pari aaniabneca cosas 


Be sure to allow ample space above and 
below the valet permit earemoval 
tthe actuator orale plug for 
Inspection and maintenance Clearance 

‘past iparnemoicferoeammana stances ae normaly avalable rom 

‘eal sacdeatahe the valve manufacturerascertiied 
mension dranings. For anged valve 

bodies, be sure the flanges ae properly 


{82.3 Inspect the Control Valve siamecea provide uniform contact ot 
Although vake manufacturecstake the gasket surfaces. Snug upthe bots 
‘Repato prevent shipment damage, such gent after establishing proper fange 
‘amage's possibleand should be alignment. ish tightening them ina 
‘dccoveredand reportedbetorethe | eikseross pattem (igure 82). Proper 
‘ale installed Rahteningw avdnewen ise 
lading an wl help prevent aks. 
Donatinta conte nounto _ ealngandv nde meets 


hhavebeen damaged in shipment or 


prereniens araging. or even brealing the fange 


Thispreetason parca mparane 
{efor instaing cheekforandremove hen cone fangs tare ot 
alshippngsopsandpretectveplugs thesamermatealosthevahe lange. 
rapt autace covers Checkinaoe 
thevatebodytomakesurenotoragn Sues stale upstream and 
rebate onset carl ae ate 

c sel checking ow capac © 

Good Piping Practices pes cop. Late sch apn 
atteeceed Apa! Stalghtunafppe nay rm ebows, 
Mostconrolvaescanbeistalledin faders r expanders asain 
anyon. Homever he most mnie nace resting om 
GminonmetadiwahbeatatorRaatubdeee 
Stones actutrmouing Ue /4chof 38410 
ecesay consider adtonalvertcal__ Tilmetes tubo ope om the 
sree comer tonal el ese comecon onthe cts 
iodyststatedso that tdRowvatbe _ thelnsrimentaton, Keop hs stance 
Ittedrecionindeatedbythefow label shortand minmizethe 
row Figures Jornsiucon manual "HMEEOF ng snd bows toreduce 


systemtinelg the dtancemstbe opertiondoesot gothoughthevabe 
ing weavahtpostonerorsvoline ffamvahetlettnaitet Becaceat the 
‘oer toreduce yagi ‘She eign or ppesion he isting 
Speraton ay ether goinihe vale 

{82:5 Flushing/Hydro/Start-Up Trim nit. oc outlet (depending on 

erin ecichectieader as ceaurainya nectar 
\ihenvelingsocct weendar ut sek 
‘Valve tim needs tobe removed inorder "are commonly known “law down” 
‘to prevent damage to trim parts. The oF “blowout” trim. 
timate needsteerepuced ths) Fusing the syste presents some 


temporarysaciidaltim et while conditions that can damage the cantral 
conducting the system tydosttc test vale tim, These conditions can ince 
Sand fusing the system, weld slag, rast, coroson et being 


Towed through the valve. These 
‘Noes strongly recammended thatthe 

Finalappiction tim not be inated unei‘Tateiaiscan damagethe valve seating 
Sterthevale hasbeen welded inthe ine, Surface and wlftenplogilledhoe or 


escneare] stacked dektrime. Therefore, te aways 
‘the ie sed and hydrostatic tested Te rmanded thatthe vale rim be 


‘ter avalveorvavesareweldedina__jemovedand some form of expendable 
ne there nocmally are requrements fishing timinstalled Aer welding 
tohyéroand hshthesjstem.Itsnot —yahes inane, theres usily weld ag 
{common orthesystem hyo tobe inside theline in adltion to scale tha. 
onstentwithcodesthtstate thst eebeun ledge rm the ate of 
thetydroistobeconductadat 1/2 garemevonyeasgesrm te ane ot 
Limesthesystemcolsworiing pessre teh iewckina eee 
design pressure Nora theonly | thst was flawed trough he 
‘abe components that maybe adversely yah twoul key pug the vahe im 
Sectedbythislevelofahyéropresure Sadporshy damage the seston 
(essumingthatthevave Sin the open nmegity ofthe abe. © 
Postlonduringhyo) would be the” ™ea"V tHe 

‘ale stem packing. PTFE packing may 

fexhbitsomeestnsionreitngttema 8,3 Control Valve 


[iinendedtiorscnmamumie, Maintenance 


DrFEpacking should bereplacedatter2_Alwaysfolwthe contol ae 


yd est. ‘manufacturers maintenance 
raph pecking shoud not needtobe Suction Typical maintenance topics 
repbced fthevaheistobeputinte 3eswnearaedhere, 

Service withinasharttime period Optimization of contol vale aes 
Leauing wet graphite packinginan depends on aneffecive maintenance 
Inactvevalelong term may esultin_phasaphy and program, Three ofthe 
‘ilvaniccorsonafthe vale stem. ost base approaches we 


However. sncethesystemis normally Reactive Action taken afteranevent 
‘hushed atthe sametime,aseeriiclset_ has occurred. Wat for something to 


coftimshouldbenstaledtohande —happentoavale and thenepar or 
both yd testing and shin, replace 

\Withsomecontrolvalvesand steam Preventive Action taken on a 
conditioning vabes, the ishing timetable based on istry that try to 


‘prevent somethingbad trom happening, 


Predictive Action etaken based on 
fold input using state-of the-art, 
‘onsntushe dognasti test and 
‘valuation device or using smart 


Although both reactive and prevente 
programs work, they do net optimize 
‘ae potential Fllawing are some ot 
the dlsadvantages of each approach 


83.1 Reactive Maintenance 


Reactive maintenance allows subtle 
<eficiencies to go unnoticed and 
‘untreated, simply because there leno 
‘dear indleation ofa problem Even 
‘tal valves might be neglected unt 
‘the leak excessively rato stroke 
‘propel Insome cases, feedback rom 
Production helps maintenance react 
before sricus problems develop but 
‘ales might be removed unnecessary 
‘nthe suspicion of malfunction Large 
‘ahs or those weldedin-tine can 
equreadayorlongerfor removal, 
<dsassembly inspection andre 
Instaliton Time and resources could 
‘be wasted without soving the problem 
|fthe symptoms are actually caused by 
Some ae part ofthe system, 


183.2 Preventive Maintenance 


‘Preventive maintenance generally 
represents sigalicat improvement 
"However becauce maintenance 
scheduleshave been able to obtain tle 
Information on vale that sre operating, 
‘many plats ply overhaul ctrl 
‘ales onaotating schedule Such 
programe esulin serving some valves 
{hated no repa of adstment and 
leaving athersinthe system ong ater 
‘they have stopped operating efficent, 


8.3.3 Predictive Maintenance 


Today, plant operators often extend the 
time between tumarounds to thes or 
fouryeats and eve lange, ordeto 
‘maximize plant uptime. these extended 
rn timesfferless opportunity for 
Traditional outasenice valve 
agnostics. 

‘The tradlonal maintenance process 
ont four tinct modes: 


Ful Detection - major of vale 
maintenance effort e=pentio 
onitocngvales when service 
Aetet the acurence of fule When a 
faultsdentfed, the maintenance 
process transitions ful 
‘ecrmination, 


Fault Discrimination During this 
ode, valve assetsareevautedto 
Aetermine the cause ofthe fault andto 
testablh a coure of corectve ation. 


Process Recovery - Correct actions 
talent fe thesource ofthe defect 
Validation inthis final mode. vahe 
dsoteare evaluated rate to ether 
‘ene condton orth lat established 
basene condition. Once vabdated, the 
‘maintenance process retusa fault 
Aetection statue 


8.3.4 Using Control Valve 
Diagnostics 

The advent of miroprocessrbased 
‘ale ntrumens with their n service 
‘agnostics capablieshas alowed 
‘companies to redesign ther contra 
Valve malntenance workpractes, 


These dgtal doves sigaiicanly 
Iprovethe fault detection and 
‘dscimination aspects of traditional 
‘maintenance programs 


Fecexample, inservice agnostics 
(Pure 3)candetet problems wth 
Instrument a qual leakage and 
Supply pressure estlctonandean 


‘entity vale problems, suchas 
exces ction, deachand, and ling 
‘ut caldration, When a probe 
‘dented, ts seventy reported, 
possible causes re Isted, and acourse of 
ction salen These agnostics 
‘ypicaly rest none of thre condlions: 

' No fault detected (aeen conto) 
‘he vale should remain in erie, 
and mentoring should contin. 

* Awarning hat afaulthas been 
Getected, but controtremalns 
‘naected (yellow condlton. This 
Igapredetveindlation that the 
‘detected problem haste potent 
twatect controland that ture 


‘maintenance shouldbe planned 
‘An eror report that faut affecting 
‘ontol as been detected (ed 
andtion). These faults generally 
Fequreimmedate attention 

More spctcaly In-service agnostics 
‘versae instrument airleakage, supply 
‘pressure, travel deviation and lay 
Sdjstment,nstrument ar qual, 
‘cton ete 


(8.34. Instrument Ar Leakage 


‘Nema fo diagnostics measure 
{instrumental flow through the actuator 


sembly. Because of multiple sensors, 
this agnostic can detect both postive 
(supply) and negative (exaust) ar mass 
flow from the dal vale controle 
This agnostic not only detect akin 
the actuntororrelsted tubing, but also 
much mare dffielt problems. Fat 
‘example, in piston actuators, te alr 
mass flow dagnosican detect king 
Piston seas or damaged o-ings. 


8.34.2 Supply Presure 


The supply pressure diagnostic detects 
contra valve problems related r0 supply 
pressure, Thisn-servis dlagnostc wil 
fete bot ow and high upp 
Pressure readings. In adtion to 
‘hecking fr adequate supply pressure, 
this agnostic canbe used to detect 
and quantify droop inthe aisupphy 
Suringiarge travel excursions. Tiss 
Partcuatyheptlinidentiyng supply 
Ine restrictions 


18.343 Travel Deviation ond Relay 
‘Adjustment 

Thetravel deviation agnosticisused to 
‘monitor actuator pressure and travel 
deviation rom setpoint. This agnostic 
Isuseulin dentyinga stuck contra 


H 
i 


serveneuenesnmeenaeennyits 


fiiiliadt 


‘aaron ea Dagar ean Fe aT 


‘al, active interlocks low supply 
pressure, o shits in trve calbaton 


‘The ela adjustment agnostics used 
tamontorcrosover pressure on 
ouble-sctng actuators. the crossover 
pressures too ow, the actuator loses 
Safes. malang eval lug postion 
Susceptible to elng overcame by 
rocesforces. the covaver presse 
‘Ssettoo gh, bath chambersullbe 
‘ear supply, the pneumatic orcesillbe 
‘ugh equa, the spring force willbe 
‘ominant andthe actuator all mave 
‘tsspring-al postion. 


83.44instrument Ar Quay 


‘The JP and retay monitoring agnostic 
<anidentiy problems such as plugging 
Inthe Ppemaryorinthel/Prozie, 
‘instrument diaphragm fares. 
lnstrument ong fares, and 
Calaton shit This agnosie 
partir usehlin dentfying 
roblems fram contaminants inthe ar 
Supplyand fm temperature extremes. 


{£3.45in Service Fietion and Friction 
Trending 

‘The in-service ction and desdand 
dagoostc determines fietion inthe 
\alve assembly as itis controled bythe 
“ontolsytem, Fron diagnostics data 
‘ecalectedand tended to detect vale 
changes that flct proces conta 


43.46 0ther Examples 


In-service custom daghostis canbe 
‘configured to cllect nd graph ny 
‘meatred variable of smart valve 
{ustam diagnostics can ocate and 
‘dectminate fouls not detectable by 
‘other mean. Often these fale are 
‘completed and requte ouside 
fexpartse such ass, data scollected 
bylocal maintenance personnel ands 
then sent to valve condition 
‘monitoring specials for further anal 
“Therefore, avoiding the costs and delays 


associated with an on-site vist 


8.3.5 Continued Diagnostics 
Development 

Overall the processindustres wil 
entinue to demand mare nd more 
ficiency nterms of gua, yd, and 
relablty. Indl, proces ill 
continue tolengthen tme between 
turnarounds These demands iliead to 
feser maintenance opportunites being 
‘alle forinetrumentation pat. The 
inevableanewerto this shortal willbe 
future agnostic developmentsthat 
facus on in-service, non-intusve test 
and evaluation capable, suchas vabe 
ndton menitoring. 


The aby to evaluate vale performance 
viainservce dagnostisimproves| 
turnaround planning ste Information 
‘athered canbe ured ta pinpoint vale 
Maintenance that necessary, 3 wall a¢ 
Valves that are healthy 


ata iaalp dtp 


An answer stout smart, miro- 
processoc-based alveinstrumentation 
that evaluates the operating health af 
the control valve astembly while the 
valve inservice Datalecalected 
without tuding on normal process 
operations. The strumentation 


anaiyzes the information in eatime 
Sand provides maintenance 
‘ecammendtion far exch valve 
‘operating problem that tides. © 


'8.4Service and Repair Parts 


{84.1 Using Original Equipment 
‘Manufacturers (OEM) Ports 
“Tomaitain pant safety nd neg, 
ewe arenure the expected 
betfomancefroma abe. tis 
[Imperative thatthe service parte tized 
‘be from the OEM. The OEM or their 
authorized agent, ae the ony source 
‘halhasthe required spectiations or 
the serie pars. 
Benefits fusing OEM Fer Parts 
lncude 
= Incesed plant and employee satty 
* lncessd contr alveretabilty 
1 Reduced legal and enrenmental 
ik 
1 Reduced expenditures expedting 
Spare pars 
1 Reduced maintenance cont 
Increased plant uptime 
* Maximum valve performance 
‘Replat parts for contra valves are 
Saale rom a variety of sources. 
‘Athough these parts may look dential, 
they ae not manufactured tothe 
specications ofthe original design 
er thoroughly tested to validate thee 
perfomance The seatthese parts 
‘Ent recommended. maton parts 
‘may cost essto purchase but may 
ko realm overal higher costs to 
theorganeaton due to unplanned 
<owntime, impacting safety and 
probity. 
‘ale industry OEMs participate inthe 
evelopment and ongoing upkeep of 
Industry standards because they have 


‘pecalzedappleation and materials 
Knowledge tat cn be used to enhance 
the standards and nef end-user 
Repliatrs typically ack he evel of 
tespetiee ead to partispat in 
Standards oversight and devlopment 
testing, Th lack expertie can 
potently impact long-term va 
Felabity, thveaten workers safety, 
damage equipment, and euse plant 
shutdowns 


Addtionaly the wse of unauthorized 
replacement parts typically vids any 
‘OEM product waranty. 


8.4.2 Recommended Spare Ports 


Many companies wilienty parts a 
recommended spare and provdea isto 
these parts for agienvalve or actuator. 
Tilt srefered toasa 
“ftecommended Spare Pats st” (SP). 
Thelete based on the Mea that certain 
components wl wear overtime. These 
ompanents ar the pats that do the 
work naval, tcouldbe the 
controling element (e plulstr, 
ages, all shat, bearing, ec) or 
the'sealing cmponents (Le. eat, ea 
ring, balance sea, packng, et) nan 
actuator could bethe dshragm, 
‘ngs bushings et. 


Users should consider stocking networkcan potently support 
‘eeammended pars fr quick ‘ame-dayoroveright delivery of 
Dalabiltytosericethevalvewhen _expedtingparts.OEM'stypraly try to 


‘required, Keeping an on-hand mentary supportcustome partsneeds wih 3 
cf partsfor house maintenance could combination ofa global network sles 
bealargeimestmentandeanleadtoaofceswth stock regional 
corsiderableamountaf parts stocked. manufacturing plats, spare pats 
ee warehoutes, and serie facies 
"Capable of manufacturng prtsin 
emergency situations 
The manuacturer may be ableto 
provide consolidated spares it where 
they have dented parts that could be 
‘teed in mltipe vas seoss your 


fac 
. 8.4.3 The Convenience of Parts Kits 
Pats is are typically designed to 
rove the spare pars needed to repai 
2 valve assembly based ona specific 
issueora typect epalc An example 
this would betoreparavale seat 


leakopackingleak oF even support 
L carina 3 bascopening andinspecion of 
Severalfactos shouldbe considered vahe. Parts included n these its may 
shen deciding whattostock Thefstbe-acombinaton ofboth ard parts 
thingtoconsieristhe citcalty ofthe _andsofeparts. The wer typically has 
‘ave orasset.Snckingtherghtspare the option toeplace selected parts oF 
Darsinchouse increases user condence —replaceallth parts rected the Kit to 
Inthe bilty to perform performance replraworn sembly back to optimal 
‘qual of, andsafey of arepale Second, canditon. 

‘onder thereof mat having the unt 

function intend for any given 

mount of time thease down. 

ving parts stocked minimizes the 

time of pal proving an immediate 

Salution when acontrlvale down. 

‘Thisreduces potenti endronmental, 

safety, and instalation sues. Then 

thi consider what the aval of 

the parts needed ae they walabe 


‘uly from the manalacture or ae 
‘manufacture'ssuthorzedagent? 

‘Athough.ventarying parts for Kiting avaablity improves inventory 
Imalntenaneelowerscastspenton —__contalhen stocking ts a-hause 


fexpedtingwhen unexpected downtime Having hit ventory reduces occupied 
‘eceurs,nstuatonswhenapartisnatspaceand the amount of part numbers 
Stodedivhause,anOEMwarehouse — tomanage. 


‘ne retin anda sping wl provide 
the ores intheotherdeecton. Sethe 
Srprovdesthe force non ane 
‘4cecton, these actustrsare often times 
Feleredtoasingleacting actuator. 


8.5.2Piston Actuators 


Piston actuaters utile piston with an 
‘ng or quad ring seal thin2cyoder 
‘Arcam be supplied to bath sides ofthe 
Pstontoprovdethe acuatorforcein 
‘ther deco, these are saidto be 
oubleacting actuators. piston 
etuatormay als ula spengto 
replace the airononeside ofthe plton 
orto provide adatonalorewith the a. 


‘Thisallowstheusertoretreveakit 8.5.3 Stem Packing 
thou needing to order india 
partsandasurestheuerallpats Packing igure 8), which provides the 


‘eed for therepawllecrey ave, Tesue sea around the stem of 
Slbe-stye anale-style valve body. and 


8.4.4 Consider Upgradesforthe the shaltafaratary valve shouldbe 

Valve Tin Pe replaced ifleatage develops around the 
"tem, orifthe valve completely 

During the maintenance cyl. ils deaeemblad for other mantenance 


alwaysimpartanttoexamine artsand_epetion fore losrenng phn. 


‘consider the need to upgrade ruts make sure there sno pressure In 
Consideratonseouldbevavenose —(atepmesurtherelsnopressre 


‘when operating, excessive tim damage, 
‘ri systom operating parametershave 


‘hanged rom the anginal design Mary : ha 
‘times changes tothe va rn can 

‘xlress these ees,» i] 
8.5 Actuator Maintenance 

{85.1 Spring-and- Diaphragm 

‘Actuators 

Most pneumatic spring andaphragm 


actuators (gure 8.) use amolded 
‘aphragm. The melded laphragm 


facltats installation, provides Far ple cng ede 
‘altelyunfam effective area 

‘throughout vale trae. andpermits Remvingthe packing without 
‘grsatertrvelthancouldbepossblewith removing the actuator cifeuit ands 
$Mesheet dapragm. Arto the notrecommended, Aso, donot try ta 


‘aphragm providestheatuatorforceln blow cut the old packing rings by 


spphingpressureto thelubictorhole dose action, intallthesmalle rng 

Inthebonnet hiecanbe dangerous the body port farther am the bonnet 

anditdoes not work ery well as many before installing the ager sing. On 

backingarangementshaveabouthall|_reverse-acting valves (push-dovn to 

ftheringsbelow the ubreatorhole. open action, nstall te small ng 
the body port doserto the Bonnet 

[better methods to remave the 

‘actuator and vale bonnet and pullout before installing large ing. 

thestem. Push ordivethe ol packing Removeall exces plpe compound 


futthe topaf the bonnet Danotuie | ater tightening the treaded sat 
thevalve plugstem becausethe treads Ting. Spot wold «threaded seat ig in 
‘ould suet damage place to ensure that does nat loosen 
‘lean the packing box Inspectthe When required, 


stemforscratchesorimpertectons 42 Comections Pugto$ 

Heteaiddamagenepackea Check Bate Sif mde Sa” 

the trim and ater part ae 

Spproprate-Aitere-essembling, __Theconnection between the contraling 

tighten bady and bonnet bolting na element (plug, bal. or ask) andthe 

Sequence sma to thet described for stemor shaft critical forthe sale and 

anges in Figure 82. inde operat of habe Th 
‘may require special requirements nthe 

‘Sidenew packing partsoverthestemin_ fay‘aduie spec equremens 


‘ropersequencebeingcaefuthatthe jouer hes at ie Oban 
stemthread donot damage the paling Sombly instructons provided. Aways 
sings. Adustpacking by follavingthe —Coneier purchasing plugs and stem a= 
smanufactre'sinstrctos. 2 plug/stem assembly to ensure safeand 
formance. An improper 
‘85:4 Seat Regs dpenecBon caren unetecntal 
‘Severe serce conditions can damage and excesswe packing esage, 
theseating surface ofthe seating) 0 
thatthe vale doesnot hut of B55 BenchSet > 
adequately, Proper lapping the eating gene set nal compression placed 
Surfaces wilimproeshutl damage ene earn 
‘nat severe For severe damage, replace Sune usar paw asPieg 
theseat ng. lower bench et determines the amount 
ener force salable andthe pressure 


required te beginvake-opening travel 
follow the manufacturer's instructions. For aito-lasevahes, he lower bench 


Seatrngsculdbe thveadedintothe Sst determine the pressure required to 
body camped (heldinbyacage or baginvale-lsing travel Seating force 
‘ther pat). bolted nar hung Iedeterminedby pressure applied minus 


(connectedtathe cage) Fortheaded bench set mi sping compression 
Seatingsuseaseatngpulle Before tote (gue 8.10) Becaase cf sing 
{yingtoremoiethesetengh)- check tatranes here might be some 
{obeelheringhasbeenaceneled9 atstn he sping age The bench 
thevahebody.¥s0,cutavaytheweld. St vhen thas seated. equtee 
ndouble ports eat the seat Se atest curacy. Reto 

Crab portpades onc ieeat aufocrers nai 
‘receactingvabes(pus-dowmto-—=dhstogthesping. C2) 


sa ae 


85.6 Valve Travel 


‘Proper valve als essentito 
achieving proper cotal vale 
perlrmance. suit travel can cause 
thevalvenotto achieve the designed 
ow rate. Overtavel can reduce the seat 
load fam the atustoraecting shut 
and cause damage othe trim. Another 
problem atbutedto over tavel that 
{the plug can contact the bottom atthe 
‘bonnet causing thestemto be pulled out 
ofthe plug siding stem vaetraels 
‘moreertieal than tary va rave. 
‘hereto, reateatetin to detals 
uci wen sting siding stem yale 
roel Referto the manufacturers 
Instruction manualforthe procedure to 
properly sevaletravel. = 


8.6 Shutdown, Turnaround, 
‘Outage Planning Process 
Mest industry process uns prtrm a 
‘aintenance town, narod oF 
Snoutage(5T)-Theycan ether be 
panned or nplnned they re 
panned, dependent ontype ct ndsry 
Snd pecs nts, they canoe 
eked maintenance acts ry 
{eetofhe years on erage omaha 
Sndpgraepiant atts and eupmet- 


How the timeline planned out andthe 
‘cope'e dein and eecitd ares, 
depending onthe industry. so 
‘miniruingtheamount oie and 
expertise neded i alvayscrtcal tothe 
Stes ofthe STO tomest budgets and 
eadines Every dy aprocessuntis 
‘down foran ST, the spec plants 
Isnotmakng product whichin tun 
‘means elena making pros 


Youmaystrugaetcrecte succesful 
STOs de to budget constrasalackat 
necessary sls and resourees, and 
Insficen aeet hah data and 
Interpretation. Younesd.apsrner wha 
‘anfep define thenecestary cape of 
‘work wilepnningand executing = 
program that meets your budge 
Fequtrements nd gets production 
‘ystems backup and runing nthe 
Shortest posse te. 

Inductees ned to work th vendors wll 
Inadrancefthe STO, depending on 
Industry you can lok out rom 121060 
rmonthn advance of exection 
prope plan scape. and then execute 
Remember the Five Proper Panning 
Prevent oar Performance 


{8.6.1 Bring in the Control Valve 
Vendor 


Most major control vate vendors and 
"rviceprovdershai experience th 
STO engagements oss erent 
‘end-users andindusres Engaging these 
priced ame can hep ncreace 
the day onthe corral valve scope and 
timeline orepas discover 
pportuntis to reduce cast andbving 
ontzalvaeshaktoan OEM state by 
‘sng certified pars installed wth factory 
procedures performed by ralned factory 
technicians 


Discussions can start aseat 62410 60 
‘monthsbetarea planned STOto define 
the scopeand unscheduled for 
‘mantenance When youpsrtner wth 


‘messon,theyusea7-tap proven STO process. 


(qrocasschatteacis te constant. ‘The key stakeholders should be Emerson 
ees, ‘Sales Channel Account Manager(s), STO 
Projet nape Secon 
£86.2 Operational Panning ‘hie Catone erred Manos 
Theopeatospamingstpisabut24  Enncereg Manager Unt Superscr 
Dedmonhpurtsocaton tuure | selRasiy host 
troche pormedat ahhh 
{Gjsolcheldtoratauesucesl 864 Work Scope Defition step 
STOwhchsontmeandsaleThesle> They scape Definton Sep happens 
annel and service leader start engaging sbyaut 12 to 18 months prior to the STO. 
‘with customers and theirteams24t060 4 customer kick-off meeting s held with 
Seuteportoomcaon Rima 
hs ro een. Pel ‘desdserceperomets ther 
ape teetonnetsnd oiicaly define alist of assets to be identified for 
‘lng proton ceding esape Ditton dag 
ruption CALs Se anntaehesO ape 
Sileypefonrane nests 
propa Adal vatdown Kenhes 
(Gente. ‘assets to capture all relevant data and 
Tela saleoleshaudbe mean — yal hh cc andthe gen 
SiesGhamelscanntManga(ohsTO| Measaerinavallrwn sary. 
FrjectMonager ence ean agnosia, aan 


‘sth the Customer Pant Manager Fowscanner) are tld ta vat 
(Operations Manager Maintenance _—_—theassetcanbe epaedinIne witha 
Manager, Tumaround Managat, calibration ar adusiment prior athe 


EngesingReabityadh tans. Svar that needs ber 
inpoctonndlt doe needobe 
8.6.3 Alignment Step Included inthe overall scape. This 
‘The AlgnmentStep happens about 120 agnostic evaluation report needs to be 
Tentenment sep appa sbou 1212 ina ialiat ovata, 
nines acon, eat 
loted wort. poductpubstvough —Sopiaton may needtobe evened Fa 
Siesta Tmiidcope | Stan eta beeper 
aoeteinls Maktlcape Sees auigniinantaeecest 
Schedleriestonesandbudgetsare _S.thescopeofthe STO determined 
See TS a aoraliurbesbenimle fom, 
Seskodetdlwed iste pre, dagoss ele place on aor 


site ene aa Re pcica taker esti niea 
Traucone etcansiahaesn’ Sed upon wth the comer send 


Inlalscopedefnedbosadonazcets" the scope freeze date Only then cans 
seed erigurrepbeceeatat  boposlbe genertedtomake sue a 
parade fa Vake Condon Montring _ Yavestoberepaed, parts tobe 
Buvoctisinplce-thsisthe erect replaced. or upgraded tems canbe 
timeto review trendingaralysstodefine *-tand pir tothe exection 
\ahesthatdo or do not needattentin. The kay takaholders shouldbe Emerson 
Listy aspartoftheplanadscusson Sales Channel Account Manager), STO 
shouldbeinplacetodscusavendor Project Manager Service Lad along 
‘engers)aspartotthe plantrestart withthe Gastomar Tumaraund Manager, 


{Engineering Manager Budget Owner) __-2t0 6months priest the STO. 8y now, 
Procurement. UnitSuperdsor and allresources should be aligned forthe 
Relat Manager. ‘exceution. Tis stop prepares fr 
feveutlon and skredutonandall 
£86 5 Detailed Planning Step ommuncation plans safty checks and 


traning, procedure, ndsigots to 
The Detaled Manning Step occurs bout ; 
omonuportsestothe commerce sTO tsa 
‘SRomerhns Sgeedtathe proporaland constant belnsynewiththe cstomer 
thesenpe hasbeen determined: Timing HvOughthe Project Manager and even 
ee ee ecard theSales Chantel There are many mes 
Dunning hs begun-TheEmersonsTO)_whenscop eep comes it lay een 
FrasctManagerslongthessler and beforetheevent begins They maybe 
Fee neem ding vaesor sets tothe scope, 
‘SSittmended pac pateanaeslook Sometimes depending nschedle and 


budget they mayreduce the content a 
what units have been targeted for 

‘eal upgrades orreplacements, Well Be prepared oad capacity or 
Gttcalishvespares th longleadtimes rede cspadt depending onthe final 
feedtobeputamorderalongwith.  Pre-STOmectingwithallpsrtes.Agood 


endor wil makesureallpars, parades 
‘stocked tems. The ned for labor should 
‘beplinned and scheduled sevellarfthe 24 Products are bagged, boxed or 


ceenonalanestOnittedenear the tggedby the veh ID number LE, 
‘ustomer site rin arepaicfacity| TV1d. 4° Fisher ET/657/0V06200, SN 


(Gepoth. the woristobedone the 987654221. 
stom, Noble Service Centers) They staleholdes should be Emerson 


‘eed tobe booked and other na Sales Channel Account Managers}, TO 
approsalsromthe customer shouldbe Project Manager Service Lad long 
one. work stobe dane atthe th the CastomarTursreundManager 
‘stoners, the ESGH Managershould nd anner Budget Our) 

‘make surethere isfy traning Procurement. various Engineers trom 
flaedandMSDSsheets acquired many dilines, Maintenance Manage, 
fused onthe proces, Acheclstof items and SE Menage, 

shoul be adresed uch salty. 

ats abor andmaking surebadgesare 8.6.7 STO Execution Step 

Scauved forthe names ofthe fla 


‘Once theunitisbrought down safely 
sas Fin workpackagestst Grand anda toappcch newer 
‘nce sevalcards.MSDSdecuments. Con begin ater onto otis the 
Sscopeotuhatistobedonetothe  Canbegethecce-ste or thsisthe | 
seiiely tad Minbersaoclel Be fom sevice and ready to be picked up 
enerated ForrepaleSteryls as ey during this 
‘The key stakeoldesshould be Emerson stagebecause2de-energzed pant an 
Sales Channel Account Manages},STO. be dangerous. Daly comsmunieton 
ProjectManager, Serviced, along meetings areal person or via Teams, 
liththe Customer Turnaround Manager WebEx, tas oerall communications 
and Planner Instumentation Engineers, are key tsuccess. Updates ae provided 
Unie Stperisor andRelablty Manager, on pogressreportstatus, what's going 
wll and what sue are being seen 
86.6 PreSTO Planning Step UUpaates ae ala provided on tems that 


“ThePresTO Planing tp ocaursabout We Not parte scope but ae Vewed 


and adéedtoa punch to update the 
‘astomer on non-scope tems that may 
‘eed attention nowarcan wat unt the 
‘ext maintenance event. 


‘Agood vendo. ke Emerson il 
‘document the at worked on through a 
‘Gaal Repair Report. Thedocument can 
‘euploadedtothe MMS software so 
thelatest update onthe Tag Numbern 
the customer maintenance management 
system. Again theremay be some scope 
‘eep i adatonaasstsare deemed to 
potently causeanunespected 
‘Shutdown not propeiyadressed now 
‘Change orders ae put together with 
extra cont andvetted through the 
‘astomet There my bea customer 
{sion who sigas of on epaedor new 
products, sothey have a paper wal on 
Safty quay. and costes that are 
‘eaedandretumed tobe putbackin 
lneaftertherepars ae complet, 
checkin and documented tht they 
srebackat the plant ste Tring on new 
technology for ske personnel would be 
‘ocumentedhere asa must-d when the 
‘lant up andruning Last vender 
{ommissoning tam shouldbe put on 
Standby fr plant restart 
‘ecommissning, 


‘The ey stakeholders shouldbe Emerson 
Sales Channel Account Manager(s), STO 
Project Manager, Service Lead, along 
‘nth the Customer Turaround Panne, 
Engineers, Maintenance Manager. 
‘Quay Contra HSE Manager, and Plant 
teams forcommisioning. 


{86.8 Post STO Evaluation Step 


‘The Poet STO Evaluation Step occurs 240 
“4months post plantrestart aterthe 
‘process units ae back n-ne andthe 
plants praduing produc. Capturing 
the perfomance ofthe outage 
‘exzeution, measuring theefecveness 
ofthe strategy, benchmarking for 
‘maienance ad relly comparisons, 
and updating documentaton areca 


tothe sucess of fur events and pont 
operations between them ovetuns 
‘ccue, the sour of those eran 
willnesdto be determined and 
Understood. Til be fed ino the 
lessonslenned documentation nll, 
report forthe erie outage fem 
Scheduling tothe dose-outportionof 
the outage willbe prepared. The eport 
Shauldcontain every aspect of the 
‘utage and is used aan input to start 
Panning tenes event. These reviews 
Shouldbe atio-nay reve. One from 
the contactors tothe se and one ram 
the se ta contractors. fromthe 
entactor pointe, they must meet 
Intra stand 2 formal process 
shauldhove been decided tthe 
Planning stage between customer and 
Eetzactorto low how each fared 


The report and documentation ofthe 
wokperfrmedisabenefitto the 
‘ustomer sala the time when 
ecommendation: lr ongeing plant 
perationsaremades well 2s 
‘eommendstions for acne and plans 
forthenext outage The goals to 
ddocument success and mata 
operations percustomer objectives The 
Pest outage review documentation 
Shauldbe an allencompassngrevew 
from the contactortathe customer 
Ini. Somecfthe pst outage review 
delverates rom acentractorto the 
‘stomer should Include, bt ited a 
1 Product and servce quality 
* Commescalitsms 
* Communication belore, during, and 
siterthe event 
1 Safety review-anyharads or sues 
Stthecustomer se 
* STo punch st- Rem that een, of 
notartof the il cope should be 
$Htendedto dung the nxt event 
1 Walkdown reports on the assets that 
wereinscope 


* Dagnostic reports (before and after) 


cofvaliestoshow ntialisuesand Maintenance Manager, Relay 
Fowthey ae operating nowaltera Engineers, and HSE Manage. 


Fepaleor upgrade (a quality check. 
s Repaireponsonasetsthatwere 8.6.9 Conclusion 
repaired or upgraded. STOsare very cost events that can 
1 KPtreviewon quay, on-schedue, be propery controled plannedin 
Sandon budget” sccrdanc wth the Five Pe Proper 
= Cost overunsfrominital schedule _PlsnringPrevets Poor Performance 
Scope and quote Back wth Tobelp customers understand wich 
SSGincrutherantontaproceed shes and sete need tobe epae 
cpr everyonein check “sesmartposiones, Valve Condon 


= Ustof new products andplantatrain Mantring contracts, and diagnosis 
lant personnel unchandieamas "Determining #acontolvake relly 


fasilicny needs tae pulled during an STO can 
ss untofupdatedrecommendedspares bstaintall reduce STO time and 
tol upgatedzecommended spares co, dentlying heathy cntol valves 


inredce thee vahesti 
teotseg Act ewe 
Beenupistetareeceparer ic tmerun tanger and 
yi ‘other STO needs, including defining 
sssoqseamewhatcope hc ae oped 
steseenharcanbemprved teingeonlvahes snot ohe 
tearing ping perinel cope fear thea ecloge andes 
Faw onpsou Tier tierce ‘not only cut STO time and cast, but 
coeurpranontienetanae 
oka ene Og atest pega 
Retotiiesmenydemion ee eicresdoun 


‘The key stakeholders shouldbe Emerson 
Sales channel Account Managers) STO 
Project Manager, Service ead, long 
lth Customer luraround Manager and 
anner fudge Ouner Procurement, 


= Us of serial numbersthathave 


+ 


a 
emer 


eer er 
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Chapter 9 


Standards and Approvals 


9.1 Control Valve Standards 2.1.3 European Committee for 
‘Numerous tandardsareapplicableto Standardization (CEN) 
Controlvales nermatoral até lbs! 9.1.29 European 
Sandareaetncmiogceeia Sanaa 

‘portant for companies that 

palleatein global markets follwing" £V9. Marking 
Salstofcodesandstandardsththve  « ENSS81, Face-to-Face and Cente 


brenorvalbeimportantinthe design” tfaceDinensions of 

snd pplication of ontrl hes. Metal Vales or Use in Flanged 
Pipe systems Part 1: PN- 

9.1.1 American Petroleum Institute Designated Valves 

(ae) 1 EN558.2 Facetoace and Center 


tovfae Dimensions of 
tal Vahes fr Use in Flanged 
Pypesystems -Part2: Cas 
Designated Vales 

1 2503, etter valves 


1 2736-1. Terminology Par 


' Spec 6D Speciation for iptine 
aves (Gate, Plug all and Check 
Vanes 

1 59, Vale inspection and Testing 

* 607, Fre Testor Soft Seated 
‘Queer Tum Vales 


Defntin f Types Vales 
1 609, Lug-and Wafer Type Bie nine 
1 247362, Terminology Pare2: 
Auten Vas Definition af Components of Vales 
18.1.2 American Society of 2726-3 Terminology -Part2 
coches a) Definion af Tams 


* 21349, Industrial Process, 


1 816.1, Caston pe anges and 
angéd tings ContalVaes 

1 8164, Graylron Threaded 1 EI22661 Testing Vales 
Fits eds 


and Aceptance Cates 
1 24125164, sellDeson 
Strength: Part Tabulation 
Method fr Steal Vahes 

= 24125162, hell Design 
Strength Part 2: Cleltion 
Meth for Seal Vahes 

1 24125164, shellDesgn 
Strength” Part 3: Experimental 
Wethod 

1 2412627, sure Weld End Design 
1 2412760, Socket Weld 


1 8165, Pipe anges and Flanged 
Frings lor stel nice based 
alloys, end ater alloy) 

1 816.10, Face-toface and End-to-End 
Dimensions aes (a 
‘andar for dmenson for 
‘mostonrl ves) 

1 816.24, CastCopper Ally Pipe 
anges and Flanged Fitioge 

1 816.25, butt Welded Ends 

1 816.34, Vales Flanged, 
Threaded, and Welding End 


Design 
1 816.2, Duct on Pipe anges 
1 2412080, End-to-End Dimensions 
and Flanged Fsings fort Wel-End Vales 


1 816.47, Large Diameter Stel 
anges (PS 26 though NPS 60) 


9.13.2European Material standards 9.1.5Instrument Socety of America 


'= 102131, Technical eondtions (15) 

delivery of tel easing for 51.1, Process instrumentation 
pressure purposes-Parti-General "yee 

= 110212-2, Technical conditions 7501.01 Flow Equations for Sing 
delivery of steel esting for Benger 

Dresure purposes Part 2 Stee a ipeas 
Gadesforueatroomtemperture onto Vale Capacity 
Sndelevated temperatures Test Procedures 

1 24102123, Technical condtionsat "75.05.01. Terminology 
Galveryofsielcastigs or pressute «75.07 Laboratory Measurement of 


Purposes-Par sted gradesfor Aerodnamie Nabe Ceneated by 
‘Seaton temperatures Cont Vaes 
+ O)10204,ecnacandtonsof «75080. Faxetn fc Dimes 
felveryofseelcastingsforpreasite fr ital ange Gcbe Style 
purposes Pat stele and Contr Vale dies (AN Cases 
Disten etc sel grades 15.150. 250, 300, eo) 
123102222, Techniclcondtionsol__ = 75.0802 facetofaceDimensont 
felveryofselfogingstorressire "for angles Conta Vales ANS! 
purposes Pat 2: fel and Ghser 80,300 and 60) 
martensticstesforuse ateevated 7 9693, facoto face Dimensions 
epoca forSocket Weis fndand Screwed 
123102223, technical condtonsot_ _EniClebe tle Conta Vas 
delveryofscelfogngsorpresnire (Cases 150, 90,600,900, 1500, 
purposes Pat:iileltewterion Sod 38e0y 
epee = 75.0806, Facetn face Dimensions 
1 £N 102224, Techncleondtonsot__" for bit Well Eni Clobe Ste 
very ofstelforgingsor pressure Conta Vas {las 4300) 
uposes-Parta:Fitegansted! 475.0805, acetn face Dimensions 
£4 102225, Techncalcondtonsot "fr att Wel nd Globe Sle, 
deleryofseelforgngsforpressure — Consaaes(anst Cisse 20, 
proses Pat: Ament Sit 60090, 1500, ac 2500) 
Imafenstic and urteno tert 
# 75.805, faceto face Dimensions 
stole at {orang Globe Sy Control 
cep oe Ve Bases (ANSI Cases 00, 
araa wit 18, and 30) 
P92 Par St ANGEEPA 7 yee oo Demons 
me ior separable Fanged Gabe sie 
1 £N 10022, art2-Castrontnges Col Ves (Clases 120,300, 
Prdesgrated 0 600} 
EN I75041,Pa Stel Ranges Class» 75.08.08, faceto-enterne 
sigs Dimension for Fanged Clb Style 
ogi ContrlVave Stes Gases 
9.1.4 Fluid Controls institute (FC) 130 300 an 0) 
#702, Contolvae SeatLskage = 75.0809, acon faceDimensons 
ier Sicng Str langels Conte 


Vales (Classes 150,300, and600) 


alae ales 
erp ler eaten eee 
= 75.17, Control Valve Aerodynamic Positioner mounting on rotary. 
‘Noise Prediction achetoes: 
= 75.19.01, Hydrostatic Testing of +. Part 7: Control valve data 
Control Valves esa 
= 75.26.01. Control Valve Diagnostic = 60534-6-1, Part 8-1: Noke 
‘Data Acquisition and Reporting fo cae Seamecoet 
ipee ease Pe Tipe tite 
Sate, Reka 
216menatanaldcratednal "HEME 
Commission (IEC) Laboratory measurement of noise | 
ae lennon oe 
‘Electrotechnical Commission (IEC) ‘through control valves 
oceans | gaara, 
eh erenmreneesnd eee ee 
See Cee 


purchaters. Below sa st of EC 


‘ndustral process control yale 171 
Standards (60534 snes) ‘Standerdization Society (MSS) 
6053441. Part: Controlvahe 1 P-6,Standard Fines for Contact 
Teinlogy sed gener! Faces of ipe Flanges and Connecting 
‘consdersone End anges of Ves and Fitings 
1 60534-2-1,art2:Flow capacity ® SP.25, Standard Marling Sytam for 
SSecton One Sing equatansfor Valve, tings, Ranges andUnlons 
incompressible ld ow under 1 5p. Stel Pp Line anges 
(neta conditions elon Fe 
160534-23,Pat2-:Flowcapacty SPST Rte Vales 
cSeclen tran Teas procaine: 1 SP-68, High-Pressure Buttertly Valves 
6524-24, art 2-4 Flay capac phones oa 
Seton foun iterenc tow” = SP-147, Quality Standard for Stee! 
haractensties and rangesblty Castings edn Standard Cle Stet 
‘0538-4 Part Inspecbon and Valves 
Fete testing seers 
Eyecare perience 
"= 60534-6-1. art Mounting detals—" ptroigum and Natural Ga Industries 


focattachment of postlonees to 


Matera forUsein H2S-Containing 
Environments nil and ae 
Production 

' NACE MROI75.2002, Sule stress 
Corrsion racing Resistant 
‘Metallic Mater for Fil 
Equipment 

‘NACE MRO1O3)50 17045, 
Petroleum, Petrochemical and 
Natural Gat ndusies-Aetaic 
‘Materals Rstetant to Sulfide Stress 
{rackngin Cores Petroleum 
etn Ensanments 

= NACEMRO103, Mitel Resistant to 
Sulfide sess Crackingin Coase 
Petroleum Refining Enonments, 

' NACERPO72, Methods and Contals 
{Prevent inServiceEmarormenal 
‘Gackng a Carbon steal Weldments 
\ncorratvePetelum Refring 
Environments « 


9.2 Product Approvals for 
Hazardous (Classified) 
Locations 


DISCLAIMER: Te information contained 
1the flowing sections ito provide abroad 
‘ere of hazardous ares castors, 
'npes of poecion techniques velved 
and endosure rags. Ts infrmation 
[preduatinal purposes nd should nat 
eased nploce of anyother source 
governing documents 


19.2.1 Hazardous Location Approvals 
‘nd Definitions 


Whenever contol valve equipment, 
‘oth mechanical and electrical stobe 
‘sedinan explosive gas atmasphere or 
Inthe presence of an explore dust 
atmosphere, sesental that an 
Ignitenhazard assessment be cared 
‘ut The asesement ents the 
potential igntan sources that wl be 
present or actieby the equipment over 
[sexpectedifetime. Knowledge ol 
there lgntion ources paramount in 


onderto minimize the ik an 
explosion oie rom them. 


Explosive Gas Atmosphere: Mature of 
irunder atmosphere conditions. of 
flammable substances nthe form ofa 
42s orvapor, which ater ignition 
Permits slsstaning propagation, 


Explosive Dust Atmosphere: Mure of 
irunder atmosphere ondtions,of 
flammable substancesinthe form ot 
sks. fiber, fying, which atergniton 
parmissasustaining propagation, 


Hazardous Location (or area) An area 
Inwhich an explosive gas atmosphere or 
eaposve dust atmosphere rbot) s 
expected tbe present in suficent 
‘quantiles ta requve specal 
precautions forthe construction, 
Inealaton, and use ofthe equlpment 


‘Approval Agency: An organization, 
company. orburesu wha has the 
thoy to grant, authorize, or make an 
Stestation ta certln face, usualy nthe 
forms certate 


Certification Schemes: A group or 
«onsenss of approval agencies ho 
gree to operate under aunifed stem 
Dules and regulations Examples 
Include the European Union, Eurasla 
Economic Union, ECE Scheme, Gull 
Sates Organization etc = 


9.3 Classification Systems 


There are tacasaication systems 
used to das hazardous areas. the 
{s[Dision System and the Zone 
System. The Class/Dwision syst is 
general used inthe United States and 
Canada, however new installations may 
se theZone system, Theres ofthe 
world general usesthe Zone system, 


193.1 Clss[Divsion System 
Hararduslocations or area) por the 
(lss/Dnason System areclsied 


according tothe das, division, and group." Group ¢: Atmospheres whose 
Bea scien nace experimental safe gap (MESC) value 


‘ature oftheharardousmateral nthe Seater than Q.daenm but es than 


surrounding atmosphere. Igting current ratio (IC ratio) 

= Clats Locations nwhich lammable eater than 0.0 butles than or 
‘ge or vaposare, or may BE, ‘ual 0080. Examples Include 
Present inthe arin quantities ethylene, dethyl ether, methyl 
Suicentto produce explosive or ther, prop ether, eitromethane, 
‘Grit mastues sndyaraine, 

' Classi Locations that arehazardous Group: Atmospheres whose 
beeuseat the presence of experimental sae gop (MESG value 
combustible dusts. Isgreater than 075mm ora 

* Clas Locations n which es rium ging cent ati (MC 
IGneabebersorfyings maybe alo) greater thn 0.80. Examples 
presen. but neti tbe Ince: propane, tural as, 
[ipensoninarinsefentquanties Methane, ammonia, benzene, 
to preduceigntablematures ‘scetone, and butane 

(isi The dee isthe * Group : Atmospheres containing 


‘ombustibie metalic dst, such se 
‘Sumioum, magnesium, and the 
amma ays 


‘probably (ielnood) hazardous 
‘material being presentinanignitable 
‘concentration nthe surounding| 


pues + Group : Atmospheres containing 
ss a ‘combustible carbonaceous dusts with 

= Division Locations nhc i ormorerppedvelatles, suchas 
Igatable concentrations othe ‘carbon black cos orcoke dist 


‘Rzardous mateal ext under normal 


‘operating condos (continuous, * Group Cs Atmospheres containing 


eemcrahcorpercacaijer combustible dusts notineudedin 
frequucy boca oop Groupe orCroupk. Typical ste 
Imantenanceoperstoneorbecause Wile ur starch, fain, wood, 
tfleskage high probabiy lst and chemical 

* Division 2: Locations that ae Allectical equipment mustbe teste, 


Presumedtabe hazardous only nan matked and approved forte partuar 

Shnormalstuaion.Alow probably. hazardous locations tended tobe 
‘sed neg css, dision, and groupin 

Group: The group defines the explosive 

‘haraceaalthearmataesot Ch Dvion Sytem. here ae 

‘ase, vapors or dustotthespeciic exceptions to idvcanbe 

‘Pateralinolved. Groups, &.C,and foundin the wing practices ofthe 

spay te Clae heat Creups, and National lectrc Code (NEC) or Canadian 


Cappiytoclass it Hectic Code (CEC) 
‘SGreep Aihosiene. 193.2zZone System 
* Group 8 Atmospheres wove 


Hazardous locations per the Zone 
System ate atid acording to the 
Frequoney ofthe accurrence andthe 
duration of an explosive atmosphere 


‘mamum experimental safe gap 
(ESC) vale ess than or el to 
[sm ara minimumignting, 

curent ato (Ic ratio) ss than or 


fcualto dad; Esamplerincuder  ZonesO 1, and2 pertain to explosive 
Findogen.uiadine ethylene olde, gas atmospheres, whereas Zanes 20,21, 
rola and formaliehydegss. and 22>pertantoexposve dust, 


mosphere * Group Equipment thas intended 
foramen mines susceptible to 
"Zoned An expose ges tmosphere 
fhaepresentcontnuoiniyorfor—_ edam. 
feng periods or equenty * Group it: aupment thats inended 
a 2onescancapashe ges stmosphere _oriselnexploahe gas atmospheres 
FY lose gat steph ther than mines 


{ati to oecur periodical or 
occasional nnommalopertin. 
' Zone 2: An explosive gas atmosphere 


Intendedor use m expose dust 


Sutleraikehooccinnmal Snes. 
‘ketfora shor penadonly. 19.3.4 Equipment Subgroups 

= 20n820: An oiposive dst Equipment Croup has no subgroup 
“mosphere hats present Only ecpment Coupland Coup 
ontinuousy,orforlongpevods,or ae subdivided ther acordng othe 
frequent ‘plosve natur ofthe ge tape 

1 Zone2: An explosive dust Slut atmosphers, respectively for 
Zmesphere hats lkeytooccur___whichitsinended tobe usedin The 
PeriodealyoracessenalyInormat group numbers followed by eter the 
Epetion. fewer A 8, or according the below 

Asians 


= Zone2: An expose dst 
Zimowpere tt noe lt occur 
iMnovaloperaion bt dossccix, 9.241 Group (Common refered 


[allexstforashorepergony asthe “Gas Group") 
ine mpoctanteonote thatthe Mears wha 
asignment ofa zone casieation experimental sae gop (MES value 
‘umberonlyaddresesthe helhood ot Safeee thanerequl 0. drm or 
noplsweenstonment doesnot gynmum ning cents 


specify the explosive nature othe Framples include propane 
‘hate characteristic othe specie . ee 


gas, vapors, or dusts involved, ideally, all Atmospheres whose 

eet ae esc aue 
Secaucus’ "peace se 
‘Metzen ator ereane —_ Raertan nana 
‘Thus equipment intended for sein ‘rent ati (WI ati) greater than 
faceted Smet, 
Sod schthttheemlchenture SE Eamieieae see 
Pimaaulchencercee iy air 
Shuled ebay adegene ECA 
Scupmintnegaupe ogee ine Beate pp esc) 
Srelmeued teed SEER eee 
Mlctontsed gents an Prone ons Ceme 
prantpeticire(any ada oe yrsen 
ict ocaamane. 

83.42<upi(ommony refereto 
3.3 Equipment Groups mike Satay 
Equpmaniscranin tthe HAs oting 
tchowng our aco othe comburetygs res 
ors ‘ing es eae 


generally grterthan S0Qumin methods have been glen specie 
ominalsze-Esamplsincude: name along ith slawer cave eter 
"yon, cotton, ssa jute,hemp, _whihsigy ts typeof protect nits 
cocoa fer, ‘atking pate ts enportant to nate 
rac hare icg that natal types protections are 
podeerspaiieurnnl Suitable fr bath gt and dust 
‘ectclresttvtylsgreater than atmospheres, Thetype of protection 
10340m, Examples include: nylon, techniques and methods by same and 
vihest Nour charcoal factvated)., assigned ete, along wih which 
oa coke, glsonite explosive atmosphere they canbe used 
iicspucoheos cocks in (dented parentheses follows 
Conductive dust whoreslectical = Unrnee Safety Ext (gas and 
Fesstity sess than or equal to ust): A typeof protection based on 
103 Om. Examples include theresrcton of lectreal energy 
slminum, magnesium wthintheequpmencandot 
iterconnecting wing exposed to 
quipmentmarkedsiBsutablefor —_Eaphve atmosphere eon) eo 
Ssppileations equring Group I lvelbelow that whi can cause 
‘quipment. Siar, equmentmarked gntonby ether sparing orhesting 
Srilcissltableforapplcationsrequing effect. Eaupmentconsructedso 
‘Geoup ir Greupitaequipment. thot the noncnerinsealy safe cet 


‘not adversely fet the 
Inns sale creuts, 


Fame-Proof Enclosure—Exd 


keise, equlpment matked a Bs 
Suitable for appleations requiring Group 
itaequipment Simla. equipment 


Sees, * Seperate 
began leoeasne tome 
ee crmn ea level 

sn ahr ka ars 
ree 

— a | 

= a ere 

ee ee has 

1.3 Lael the transmission of the explosion to 
So 
= a eens 

or eee || Seen ee gecs 

ow SS et eer 

Silane teeta 

or ote alte 
sone: 

2935 pete Soe, 
935: ec gmat Poti 
fects inca, seen Sis 
Thchainbespicd eer Increased ale Exe gs 
ay uremia 

irenagcpeare tae: — SRA 

Se eke 


possi of excesve temperatures 
Snot thetoccurence a asad 
Saris in paral serie or under 
Specified sbormal conditions 


* Typen—Ex (gas): Atypect 
protection apple to electrical 
qulpment such that normal 
‘opestion an in certain specie 
Shnormalcanditons,tenat 
‘apa of gating a surrounding 
explosive ga atmosphere 


«= Presurzation Exp (gasand 
ust): Atype of protection af 
‘garding gaia the ingress ofthe 
kernal explo atmosphere to 20 
fendosureby malncaning preteen 
(astherinat apressuresbove hat of 
the extemal atmosphere 


+= oflimmersion~ Exo (gash: type 
ftpratectonin white dectres 
‘equipment or partsof the clecteal 
‘equipment are immersed ina 
recive gad sucha way that an 
fxposive qa atmasphere which may 
beabove the lquidor ousiethe 
fncosure cannat be gate, 


' Powder Filing Ex. (gas): type 
cofprotecuonin which te pars 
‘Capable of galing explosive cas 
Stmorphere re ke in postion and 
ample surrounded by fling 
‘materia ta prevent gntion ofan 
{external explosive gas atmosphere 


' Enclosure —Ext (dust: type 
protection whereby lelectra! 
ulpment protected by an 
fendosureto old gntlon fa dust 
LBjerordoudandtatitsurace 
temperatures, 

* Special Protection ~ Ex (gas and 
dst): Atypectprotectionthat alos 
forthe design of product tat cannot 
‘comply nfl wth ober recognized 
‘peter protetion or aherethe 
Standards fartheecognzed types of 
protection donot enverthe requ 
pera conditions. 


9.3.5.2 Nom-lectrcalEqulpment 
Most electrical equipment often 


contains eect ignition soures that 
must det withby one ofthe 
protection methods previously 
flesebed, However, thls at tue fr 
‘most mechanical equipment Infact, 
hora operation of mast mechanical 
ulpment thin ts design parameters 
will ad to igition ofan explosive 
mosphere. nstuatons where 
imafunctions ate considered. much of 
the mechanical equipment canbe 
esigned such that these mafunctions 
donat become an ignition source bya 
prope choice of welried 
onetructionl messes, 


Thefolowing types ofigaiton 
protection measures for no elctcal 
Equipment, by name and ts sige 
Teter have been recognized 


* Flow Restricting Enclosure Ex. 
‘Atypeatgniton protection where 
ttetve sealing and closely matched 
[ointscanreduce the ingress ofthe 
explosive atmosphere to form inside 
thenclosie Pressure deren 
ahd changesin temperature need 
ipetaken nto account. 


1 Flame-Proof Enclosure Ex: 
{ype of gniton protection in which 
te parts capable of gnting 20 
expose gas atmosphere ate 
provided th an enclosure which can 
Withstand the pressure developed 
“hig an neal explosion ofan 
tiposve mixture and which prevents 
the transmission ofthe explosion ta 
the explosive gas atmosphere 
Surrounding the eclosure 

* constructional Safety Exe: Atype 
tigation protection n which 
fnctructiosl measures reaped 
Sasto protect aganstthe 
possby of gniton remot 
Surfaces, spars, and adabatic 
ampresion generated by moving 
Parts, Indudingmafunctions. 


* Control of ignition Sources Ext: 
‘type figntion protection whereby 
Integral sensors detect an impending 


operation ofthe equipment key 9 
‘use anigation and therefore 
Init controlmessures before 
potenti ignition source becomes an 
fective ignition source 
Presuration “Exp Atypect 
Ignilon protection of quad 
‘gains the ingress ofthe extornal 
explosive atmosphere int an 
fencesureby mantalning protective 
‘asthereinatapressurecbovethat 
(fthe external atmosphere 

guid immersion—Exle typeof 
gation pretecton whereignten| 
‘Surce sretendereiact 
immersion nalquidorbythe 
(ontant oberg tig fl, 


193.6 Level of Protection 


Depending upon the type of protection 
«employed by te equipment a evel of 
roecton tr (or subsets) of ether 
ana.b.c.ornoletterstalvillbe 
‘signed Thelevel of protection ter, iF 
‘signed, immediately follows the type 
ff protetion eter and sreered tos 
{theequipment level of prtecton or 
that spat typeaf pratection bang 
‘zed. The evel of protection etter 
‘Senotesthelklleod of the equipment 
‘becoming sauce of gntlon. Again, 
‘simportantt emphasize thatthe lee 
cf protection (a,c, or aone assigned 
Sependsstctlyupon thetype of 
‘protection being applied tthe 
equipment. Theresson forthisis 
beeausenotaltypes of protection an 
‘bemade to afordaveryhighorevena 
‘nigh evel pratection wich will act 
‘beeomea sure figntion in rare or 
expected malfunctions. Adina the 
level of protection aslgned comeates 
‘very dosly tothe equpments overall 
PLrating (sessed, 

hough nat explity defined the evel 
‘of protection eter canbe generalized 
2sollows: 


1 a Avery hgh eve of protection 


1 beAigh evel of protection, 


* cormone: Anentance eel of 
protection, 


The asignment ofa evelof protection 
allowed fora given typeof protection for 
‘ecicalequpment sas lows: 
1 Ect Intinse Safety xia, Ex, 
Ble 
1 Bed —Flame-Prooi Eda, Ex, Ex 
a 


1 xm Encapsulation: x3. 6x 
mam 

1 Exe Increased Safety: fxeb, Exec 

1 Exn—Typen: Alevl of protection 
feterianorsssgnedtor ths ype ot 
protection. Thatype of protectins 
biy stabi for Zone locations 

1 Exp = Pressurzation: xp, 
pymemee 

+ xo Olimmerson:Exob, x0 

1 xq Powder Fling: lel of 
Protection eters seg or 
Brstypect protection Thstypeot 
protetton eon sutabefor Zane 1 
Sd Zone 2 cans 

1 Ext Dust Enclosure Ext, Ext, 
Bie 


1 Bcs—spedal Protection £3, 6 
Shoe 


193.7 Equipment Protection Level 
(el) 

‘AnEPLrating san equlpment 
Ssignment ced upon likethood of 
becoming source of ign meter an 
explosive gas atmosphere or an expasve 
Ast atmosphereindudng mines. 

1 EPL Ma: Equipment for instalation in 
ries Suscopable to firedamp, 
having very hgh evel f protection 
hich suntbely to becomean. 
Ignition sourcen normal operation, 

rng expected maltunctons,or 
turing rate mattunctons 

1 EPL: Equipment orinstalltionin 
Irins Suscepebeto fredamp, 


havingahigh evel protection 
vihichs unl to become an Ee 


Ignition soures normal operation 
tr durng expected malfunctions. S 


PL.Ga: Equipment fr explosive gas 
aumespheres hang avery high ve 
‘tprotectonwhicsnotasource ot |r 
‘gdonin nvm operation, during 
expected malfunctions of daring 
‘ate mauntions = 


PLGh:Fqulpment for explosive gas 
atmospheres hang afagh velo? 
Drotecion whch shot asource at 
Fgnition normal operation or 
Gtringexpected matuncions. 


FPLGe Equpmenttor explosive gas 
atmaspheres having enenhanced 
ievetofprotectomwhichisnots 
Source afignionin normal aperation 
Sanday have some addtional 
protecton to ensure that remains 
[rsctveas an gation source 


1 EPL tqupment or expla dust 
Sronpheres having 2 ery igh ee 
Gipacctonvnuhionotacsueset | 
fgntoninnerma operation. during bPS5 Bene Kaman 
Specie mafuncion or dung 

‘are matuctons 

PLDeEaupmertfovespasne 9-4 Temperature Code 
Aistatmospheesfavea ghee ian explosive gasatmenphere cones 
rey eee into contact with a significantly hot 

b crapidlan eryai.-enc-onbad surface, an ignition likely to take place 
hempidenapeeaininianinan in the absence of a spark or flame being 
PLDe Equpmentloreposivedust resent econdtonsunder whiche 
atmospheeshouinganemenced Pec surac lignite the cxplosite gs 
‘evel af pratection which is nat 3 atmosphere depends on its surface area, 
‘Sire igasonnnamslapaton mosphere depends on Be suas 


armay fave ame ng volved. For easeofcasscation and 
Esctvesranigntion sauce. tatkng purposes, temperature codes 
medetned nnguea.e 


‘The default relationship between 
zones and equipment protection levels 
(ts) canbe summarized inthe 
Fguest.2anda.3-« 


Equipment that has been tested recaves 
alemperature code that inlatesthe 
‘mum surface temperature tained 
bythe equipment. Regardless of which 
classification system sbeing use. the 
‘maximum surface temperature maybe 
Interalor extemal the equipment 
‘ich e determined bythe ype of 
protection being employed 

“xplosve dust atmosphereshave very 
‘ferent charactorstestan gas 
Stmeoepheres however they can alsobe 
Ignited a hot surface. The additional 
onsraintsfor ign of an explsive 
‘ust atmosphere include but ae nat 
limited to, the atmospheric dust 
‘concentration, dust asperson, 
thickness of dst yes et. Equipment 
facesplosve dust atmospheres are 
‘marked the masimum surface 
temperatuce nie marking plate and 
‘ott temperaturecade 


For process contro equipment (suchas 
ales) the maxima surace 
temperature greatly depends upon the 
‘ui, he ambient a temperature, the 
choie of mater used nie 
‘onstruction anditspiysial geometry. 
Inmost cases, ony the end ser wl 
‘Know the tue operating conditions that 
theequipment wile subjected too. 
Therefore, such equipment ismarked 
"TX which signifies tthe end user that 
themaximum surface temperature 
the equipment dependent upon 
operating conditions. Addinghest 


any proces plpline which could enter 
Snesposve mosphere must be 
‘rely considered and evaluated. « 


9.5 Nomenclature 


195.1 Clss[Divsion System 
Inthe clas/Dision System there sno 
formal name or term ued ta dese 3 
‘ven lasso dvson rating Honever, 
the industry widely uses the folowing 
terme to stecitethem to gven lst 
bedvsion tng 

1 Eplsion- Prot Cas {Division 1 

* Now incendie ~ Class |Division2 

* Dust gnitin Proof -Clss Dison 1 


11 Equipment intial Sate 
equipment) - Casson Tor 
(Gisete Ovison 

Intrinsely ale equipment or 

apparatus s uiquein that enerys 

limted ana can be approved for ust gas 
stmorpersorforboth gas and dust 

BmospheresIntinsialysafe 

equipment always evakated asbeing 

Ins Divan 1 locaton, 


95.2Zone System 


Inthe Zone System lowercase letter 
represents the ype fprtection that 
hasbeen applet the equipment. The 
name asorlatedta agen typeof 
Protections well defined, Refer tothe 
type of protection fora description. 


95.3 Wiring Practices: 


Iteannotbe emphasized enough that 
both he equipment andi associated 
wing practice uring instalation ae 
trian preventing explosions in 
hazardous lation. The folowing 
ing practices are widely used 

* National Electric Cade (NEC) US. 


' Articles S00 504 address 
inealtione that uce the ls 


Deion Syste the genera marking requirements. 
Arlee 05t9S06addess —_ Eplodon protection symbol 
fulitenstiatseteZom — egipmentGoup lor 
* Canadian Bete Code (CEC) - titewo 
Gate 1 Envronent Gord 
"Seton 1adessinstaltions gure 5 itratsthe eltinsip 
‘Situethe dane 9tem betnen telECequpment rou 
s Section |addessistaliatons use anos versus the ATEXDretes 
Seceaioieden en defiant eupmen group atogs. 
1 gc5007-14 (lect instalations 
sign sslecton,ndeecton)—"" 9-5-5 Marking Examples 
‘wontce aston 


1 Addresses lectrical installations» CLIDIV1 GPBCD: Explosion root 


pertheZoneSstem Spprovaltar css Dison for 
Goanenco 
Setup ee -AT vow ace aD nicenive 
pene ‘pproalor Css Dwson for 
Perthe ATEKOvecie,theeesstonly Groupe’ 
{hw equpment ups tee 
cuipment categories, nd to a 
‘Slave mosphere enaonments il Selena 
pay [ESE | orcas 
* Group cqupment or sein = 
underground mines susteptibe to 1 |oome |e | cs, 
tare = = 
scrouptEqupmenttoruseinplaces fume =] [ . [# 
ther tannins c a 
(category cx [ey = 
* Category 1: Equpment deseo 2 = 
sures very ih evel of protection ' 
* category 2: Equipment designed 5 2 
Stoutshighielotptecton [ome [=| = 
+ Category 3: Equpment designed te = 
Steureshrmal moderate or = 
thancedjevatptccion ——STRHIE Ran Ate 
Evironment LS. cLIDW 1 GPaBCD: incall 
* Cefqupmenitendedtrusein ——" sleapproal (Usa or gat 
Splsege amuspheres Simonperesof Coupe A8.C.D 
"D:cqupmentinendedfor sein #LS.CLUNAIDIV¥ GP ARCDEFE: 
Sxlsbe dt tmosphere. Insta ste approval USA) or 
For ATE approvedequment the aasand ust tmespheres ral 
{nlovingssonalaTexmaring shat OPS 


appearanthe equpmentinadaitonto = ExlalNTRINSICALLYSAFECLIDIV1 


{GP cD: ntnsicaly sate approval high, high or enhance. 
(Canada for gas atmospheres of 
Goupsc,0 26.1 Explosion Proof or Flame- 
= cLunmow2crancoErc:an Proof Technique 
‘spproval hat ony good for Suitable gas atmospheres Cs 
DBision2locationsbath gas and son 1(or2}.Zane I 2) 
ae This typeof protection ubizes an 
zone enclosure capable of withstanding an 


eiposive gas or vapor withinitand 
prevents the transmission of gnitable 
Fatgases outside the enclosure hich 
Safety wth avery high evel of 

protection for gas group iBwhose _™Y be surrounded by an explosive gas 


rection fogs group whos Sumorphee, simple terms, contain 
perature codeisT4ithan EPL ts ploson within the enclose and 


= Cass 1Zone 0 AEKIa 8 T4Ga: A 
UsAZone approval ulin trinsic 


rating ofa 
prevent ignition ofthe explosive gst. 

 ExdbiCTSGbwitht2G:AnATEX  Etmorphersoutsde ee 
spprvalutitangfame-proot 
‘ethniqus waht high evel ot Advantages 
Botton stableforgesgouo HC Usrsare falar wth the technique 
those temperature code sTSwithh nq understand is pingples and 
snot pesos. 

= ExiaNCTS Ga:Anintinscally-safe Sturdy housing desgn provides 
spprovalith avery igh levelof proteetonto the internat 
Protection sitabieforgasgroupiiC_eomponentso the equipment. 
WithatemperaturecodeofTGand —w Anexplesion proof hosing usual 
SneMot Ca, Perron af 


weatherproof as wll 
ExembUBTAGb:Equipmentthat sad 
Utes incensed ay and area 


les ncrensad at) ag Cuts must be de-energasd or 
peclnioavath sta tat the location rendered nan- 


Seiscnsutanctrererpis Beeston rendednan 
Sihstempractoscetcnd, — Mzwtiustloe housing 
mie 
+ Open fgcoern ahaa 
Pease toon 


9.6Protection Techniques = General hstecinquerequtesuse 


saul tdethods henry bokedorscrenedencosies. 
1 Extended ambien temperature 
Widhregarstothevarousprtection "ranges require atonal salty 
techniques sndmethods sed Fetes thatthe desig may nt be 
fqupment. thefalowingtwo poise gbletoaccommodns 
‘ery portant: ‘ Tomaintaintheexposion-proot 
1 Each protection technique and Tating and reduce pres pig. 
methods unique for ether ages Condit seas or expos p00! 
Simosphere sduststmospheteor —_cabing hnecenay. 
oth 
‘ Fachprotectontechnigee and 9.62 Intrinsic Safe Technique 
method dferson he eve of Suita for gsr dst otmospheres~ 


Potectionitcan rovide.e. very Giee Din (or Clas Dison), 


Zane fot or2,Z0ne20(or 20°22). tinted the source bate. This 
technique btimjedtolow power 
‘Tastypecf protection operates by Spleabons such ss Ceres, 
limiingthereeaseofelecticaleneray —topramate pasion 
‘ortherma energy valablein the secto-preumatc converters 
rautsandequpmenttoleet that are anndutess te 


‘incapable of igniting a speci exlasve 
tunosphore Equpmentis designed for 9.6.3 Non-Incendive or Type n 
Specie gas and dst groups, slongwith Technique 
vaniogksofrtecton Wh eter gs ates! 
‘onsders norm nl bara Sebi tonne 
‘ondtions (except for dassion| 
fequpment which isalvays evaluated ae Atypeof protection in hich the 
Duision fequlpment incapable under normal 
operating conditions. of ausingan 
‘Advantages ignition det any arc, spae or 
' Heavy protection ofthe fielding stra effect within the equipment. 
otnecessaryandofeslowercost. Thistype of protection alo applies to 
* Greater lilt offered sincethis equipment whch does enntan arcs or 
sedi peteinl Spake provided they ae protected by 
componens suchasuithes_ ofthe we echidna 
ADs. andothernomenergy string Advantages 


Weececeonin sO cuaceicae 
|= Field maintenance and repairs ‘ney ices sey ee 
‘easier. There is no need to remove Sompecetirss, 
Scere, “ehethmeatners, 
Sommommeahemtie, emptor 
Kiwanis 
See sea 
Feen eon 
prprotiateape dinar wing pate. 
Pica Pectin 
ntrinsically-safe barrier to limit the Langone somamae 
MeatRSiGRNER cee en socesiec fe 
Shaceecemexmeee +] celnnzgreaion 


seid development of sparks or hot 


olddelopmertclspaSorbot | « Nenincende ches are an 


Dédonalexpens tothe end user 


"= Usersneedtobecomfortablewith because mult the energy 
fhistechmque and the wing "feleelsinthe event of ape, 
practices ssocted with Short orgtound ofthe kt rng 


1 High energy consumption 
Spplestins snot spplcableto 9.64 Increased Safety 


tstechnique becaucethe energy ls sutblefr ga enurnments~Zane 1 


(2 ppliations. 
‘Thistype of protection apples to Disadvantages 

clectneal equipment orExcomponents Certain apparatuses maybe such that 
Inwthch datonalmessuresareapplied "hci Chcersthcon cots 


tole Increased secur against the 
possiblity of excessve temperatures 
Sndagaretthe ceurenceofaresand 9,7 Enclosure Ratings 
“atk Th protection sony stable 

forequipmen that doesnot contain any 
Inconde devies (aes or sparks) during 
‘ormal operation, Examples nid! 
terminal boxes, junction boxes, et. This 
‘Scommonlyusedin conjunction with 
fame-proo approved equipment. 


Enclosures of electrical equipment are 
ten tested to determine ther abt to 
prevent the ingress of iquds and dst, 
The most widely used ensure rating 
Standard are NENA 250 an ULSD 
(United sates), CSAC222No, 94 
(Canada) and 2c 60529 woridwie), 


Advantages Standard UL 0 and CSAC22.2No. 94 
Increased safety enclosures provide asely paral tandard NEMA 250 
eastaniPSdendosurerating,—_withregardsto ratings. 
‘instalation and maintenance are Same ofthe more common enclosure 


foserthan flame pros enclosures. atings a define in NEMA 250 for 
' Tistechnique offers signicanty Unclassified locations (genaral locations) 
reducedwinngecetsoverfame- ateasfolows 
roof enclosures * ype 3 Indoor or outdoor 


Disadvantages ‘loare rai das igh, 
iceestant tended forindoo or 
 Thistechiqu stein the 
Tistechngelelmtedin tbe | Sudoorus primary to proies 
Peeserp paleehcr degree et prstecton galing 
schateal bunetand die vindlown dst eet 
computer sad damage tam exec 
iermaton onthe none 
265 Dust nition Proof 1 Type. Indoor or outdoor 
Encesure Dust Proof cose aight dust. ght, 
sod bédaitcatniiel| tcerestane,comodon-esant= 
Forney pies ruven Intended for indoor or utdoor use 
primary to prea degre of 
“Thstype of potecton resus nan Protection gas ling dr 
ncowure that wl excle gate Windwn dryset on 
ev eraliantane damage rom estas faaton 


ee ea inthe endosure andcoreosion, 
‘Gencratedindethe enclosureta couse Type 38Indoor or autdoor 


Snigntion af the exterior dust enclosure, ainproa (or ain. 
Smaepherein atmosphere sspension ght). Lee-resistant: Intended for 
orniyers. Indaororeutdoor use primarily 
provide degree of protection 
Erne east alin det, ai, sleet, snow, 
* instalation does nt require3 Bianagetietanmaiss 
‘are wheresincinstealy safe Tonetonnthecnconre 
equipment for dst does. 


crime tera 1 Type 38x - Indoor or outdoor 


enclosure, rainprooforrain- Division 1 approved: intended for 
{ight e-resitant,corosion- Indoor use im explsion pout 
resltant Intended for indoor or 2pplations. 
‘utdooruseprmariytoprovidea Type 8 Indoor or outdoor 

Segre protection against fling" enelosure, Cass Division 1 
Git.rain eet snow. damagetrom approved: ran-tight.ceresstant: 
extemal ce formation on the imendedforindoot or outdoor usta 
endosur, and coosion, xploson-proo! applications and 


' Type 35 ~indoor or outdoor frotecton froma secs snow 
aitenes rele tele Saath, ‘and damaged from external ice 
‘ex proos end ir ela o formation onthe enclosure 
{utdooruse primal to provide a 

Usgrecf protection ganstfaling _* Type9~Indoor enclosure, Cassi 


{dt windblown dust an sleet, Division 1 approved: intended for 
Snowy andi povdeforoperstionot indoor use aust gntlon roo! 
fextemalmechaniamswheniceladen, _=pplatos. 

1 Type38K-Indoor or outdoor TheNEMAratngs forcast locations 
fnclosure,raimtight dusttight, 2reoltenmsunderstod, shouldbe 
lce-proofcortsionsesistant:  apparentthata NEMA or NEMA 
Intended orindooraroutdaoruse fMngisextently hese tat for 
rimaiy to provide adegree of Clase Divison 1,ANEMAS eating 


Protection aganst fling dt. 
Sinablown distri slect. show, 
Sndte provide for opeeaton of 
fitenal mechanime when ee 


sential the sme as that for Casi 
Dison 1. Per the NEC and CEC al 
equipment mast be appropeatcy 


ferent mated forthe cs, sion and group 
thatithar obtained, Therefore, a product 
Beiscocgercintrienred ratked as NEMA 7, NEMA. of NEMAS 


enclosure, rainight, watertight, 
dus-ight,ie-resistant: intended 
focindoorcroutdoor use primary 


‘ane without ary dation making 
identifying clas, dvsion or aoup is 


Repracadegecetpemseton’, acceptable and nat alowed. Most 
game aling de windblown dust, spproval agencies discourage these of 
fain, esto, splashing water, applying NEMA 7, NEMA, or NEMA 


fesbdedialwoteranddamage fartlevryreasnand ono aw 

fromeseral eforatons 018 ones tht ated oC 6DS29 
atealonedtocaryaningess 

"Te indprafoutior econ cee ates 

Frey gin mien ‘ating. The IP code consists of the letters: 

stig eesti “Spt by to characte 

‘forrasion-resistant Intended for yumerals the degree of conformity 


doer orautdeoruse primary 
Provdesdegrerof protector’ obtained, Te istrumeraindicates the 


Soars fling drt windblown dust, degree protection agansthuman 


Fain esto epasing water, contact wlthor approach live parts, 
hose-drected wate, damage om human contact with moving pats side 
texte ce formatsne onthe the endesureandingress sole 
endosure, andcorosion foreign body object The second 

NEMA2S0 ao defines encosureratings numeral indcatesthe degree of 

for classed locations a flows: protection provided by th encosure 


oan the ngess of water See gure 


‘Type -Indoorenciosure,Class! 97 for mare formation. « 


Daaaaensgantie | tot Teena 
eee | areas 
peed a = 

eave VAM [oss [ax [x xpe[« fe 
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Chapter 10 


Isolation Valves 


This hap as ben extracted fom T's 
pe Tas Habel hy Rabe Lee 
‘th permision. 


10.1 Basic Valve Types 
‘There areoumerous va types styles 
ean shapes aval forusein 
‘sty Eventhough there are dozens 
vale vances choose ome 
inary purpose fats emai the 
$Sme:tatlstosop rsa Bow ota 
‘egute fon 
egulaton of flaw ncaes tating 
‘even off ees and eleing 
‘Srregulting pressure withina stem 
Selection ofvabesforasytem sed 
‘ontheval’sitended sence and 
Senge enton, Tere reg base 
‘ae designs able 

= cate 

+ Chobe 

Check 

1 Diaptiagm 

sat 

saute 

sug 

= Ralet 


10.1.1 Gate Valves 


ate vale are used foronoff serve 
Snd redesigned to operate fly open 
or flly closed 


Because of excessive vibration and wear 
created npartal-losed gates, the 
‘aes te not tended forthroting ot 
fo regulation, Cate valves are avalable 
Insolld wedge, exe wedge, pt 
‘wedge, ele spit wedge, double. 
<dsk, paral side and paral side with 
‘eyelet styles Atypical gate vaheandits 
‘Mor parts te shown in Figure 102. 


See Tables 101 and 10.3 through 107 
ofthis chapter fortes and dimensions 


5 


Tara carro 


Wedge-ype gate valves havea tapered 
wedge that wedges between to 
{Bpeted seats when the valves cose, 
The soi-wedge design Figure 10.2) 
Iswidlyused and ssutablefor ac 
gaol team and water serie 
Feuible wedge gate vates re used in 
services thathaye a tendency to ind 
the sold wedge design du to excessive 
‘aration in temperatures. 


arian 


Fara ecaroe 


Ta a ST 


‘The desig ofthe leuble wedge (shown 
InFgute 10.4) provides goad seating 
characteristics (opening and closing) 
fa wide ange of temperatures we 
providing postive shut. 


ste 


igi : 


Toa asniercaetaee 


Spit-wedge and double-ask gate 
‘ales have diss or wedges that are 
made f two pieces. nthe spi-wedge 
design Figure 1.5). the st tum of 
the handehesl force theta dike 
against the tapered sat. The double- 
‘se gatevale as parallel dsks and 
‘seats lore ofthe double dike 
2ccomplised by aspreader or wedge 
‘which ores the paral dss agaist 
the seats. The double-dkgate vale 
shown in igure 106 


Tan aoe 


Friction, which causes wear on seats and 
dds, fle toa minimum inboth the 
‘pl-vedge and double-dskgate ales 
because the seat and dk aren contact 
‘onlyon dosing the vale 


When nstaling ether the spltwedge 
cor double-disk gatevale the stem af 
‘the valve must be vertical (vale upright) 
lahich encurs the disks donot jam spar 
before closing, 


‘The design of leuble spt wedges mixes 
the advantages of paral side and 
exble wedge exeutons. The special 
Alex tema construction, whichis 
‘made into plecesaparall sides, 
Slow valesto be osedby poston, As 
Sresue therequsted torques imited, 
{as actustor sng. The higher the 
‘medium pressure, the higher the vate 
tightness wl be without aming, 


‘The wedge shape minimizes the 
‘mating time between seats and wedge 
"sembly, slow wear and sting 
lightness are expected, When dosing by 
poston ighiness ensured aso alow 
Dresur, ro leakage a6 bara. 


‘aoe Tete cae 


‘The desig of parallel sides with eyelet 
‘operatesin exactly the sameway 2, 
Standard paral sides, but when the 
‘pen postion thas aninbul eyelet 
Toler that closes the gap between the 


‘The eyelet provides the following: 
Protects the seats from the flow. 


1 Protect the dk rom the Rw 


1 Reduces turbulence in thelncegrated 
Space. thereby providing alower 
Pressurelossandlessnae 


The valve considered to “seal by 
postion Thistypeof application 
more stable for higher pressure. ager 
{hes and high velocty aplctons 


Se tobennet neon allston 
valves canbe 
Bolted bonnet th bls and nts 


pple tall cases from 13010 
‘Bh. 


1 Pressure sea appli onl thigh 
pressure clases rom 900 to 4500 


Pressure seal operation could be 
dese 


* Anavi frce that increases at 
th lmeral pressure increases are 
piled tothe gasket. 


' Thisforce compresses the gasket, 
hich deforms radial and analy. 


1 intheradial dcecon ts pressed 
one the Wall thebody and he 
er, thus achieving the eaulred 
trace pressure and secs 
Sealing oee 

1 Theingabove the gate absorbs 
the aia fore and transers eto the 
coment tings 

1 The segment rings are fitted na 
sgrooue inthe body, thus ansteing 
the asa force tothe body 

1 The covers pre-stressedty studsso 
that the gaskets deformed andthe 
Sealing effect achieved ven when 
the internal pressure ow, 


10.1.2 Globe Valves 


lobe vahes, ule gate valves are 
{sedin spoon equring requent 
‘peration andor toting a fw 
‘The design ofthe globe va (shown 
Infigure 109) kes set ersionto 
minimum, while making ean e387 
‘alvetaserice When low begins a 
theglobe valve desig, the dskrmoves 
‘completely away trom the sat ths 
‘rimizing erosion and wire drawing, 
‘See end of his chapter for sizes and 
‘dimensions, 


erase 


Globe valves are avaabein thee 
body styles: angle body. pater and 
‘pattem body orstralghtway body 
(emost commen. Often avalable with 

2 non eturn function refered to 352 
“Stop-heck ornon-retu va. Inthis 
Instance the vaehead snot ed to 
the stem, so when in open pestion| 
Inthe event of ow reversal the 
\alvehead wil dase and perform check 
vale function, 


Altes body stylsare sited for 
trotting, buteach has fs an low 
‘harsctaraticand sevice appably 
Angle body valves provider 390 
degree change of direction (se Figure 
10-10), whichin ome nstalationssaves 
space, materi nd instalation time. 
The ner design ofthe angle body 

Vale fers es Row restriction than the 
conventional pater, but more than 
the Vpater globe vate, 


ora 


cause of the 4S-degee stem 
‘ncination fram the un, pattern globe 
‘ales giv very ite flow restriction 
Figure 10.11 shows atypia ¥patern 
lobe vale. The ¥-pattem globe abe is 
‘eal sulted for applications requiring 
lost fallow inavave butwith the 
‘haracteristesofa globe vale 


Aplications forthe pattern gabe 
‘ale include bol lowes and 
Services where mut ait andor vicous 
ids maybe encountered. 


‘Themaintypesflobe vale according 
twthorseatarangements ae 


' Conventional ck 
1 Pug disk 


Conventional dskalobe valves use 
a short, tapered ds that fits itoa 
‘matched tapered seat for closure and 
‘hrottng (shown in igre 10.12) 
‘When fn contons have tendency 
to depost or coke on valve seats, the 
‘omventional dk vale design often 
ferred. The narrow disk used inthe 
‘onwentonl sk valve wil usa break 
‘hough depos ging postive eating, 
‘rather than packing the deposts. 


Foe ena ae 


The plug kiero the 
Conventional dskin thatthe plug 

Asean seat arrangement are longer 
and more tapered. The longer are of 
the pug and seat ve the plug vale 
‘maimum resitanceto ow-ndiced 
rosin. Anexample of apg disk lobe 
‘ales shown in Figure 10.13. 


iueanaspacaToe 


par a ropes ae 


[AYT’ or "Tee" pattem globe sone ofthe 
‘most cansmon canigurations. same 
‘Serves rom the meted T shape ofthe 
‘ale. They re suitabl forlow pressure, 
‘igh pressure, smallbore, ad ge bore 
appleabons Tasvalets considered 
435 "salng by torque” General 

the pressure willbe rom below the 
\alvehead, andthe torque applied 
thevalveacts agaist the pressure An 
‘example of atype glbe valve eshowm 
InFgure 1.14 


poo avec 


AA"Y" or"Wye" pate gabe fa 
‘common configuration. tsname comes 
lromthe nclned"Y" shape ofthe vale. 
‘They are most commonly used on 

high pressure applications du tothe 
smoother flow path compared m3 
pater that provides a lover pressure 
foe. Tis vale considered e"eeling 
by torque” General the pressure wil 
‘beam below thesaishead withthe 
torque applied to cheval acting salt 
thepresture An eumpleotay-tpe 
‘lobe vives shown Figure 10.15, 


An angle pattern lobe vale less 
‘common cnfiguration of lobe vahes 
fnislation duty, more often asocated 
‘sth conto functionality. They ae 
‘conedered at selng by torgua” 
‘Generally the pressure vibe fom 
‘slow the vabehesd with toque applied 


tothe valve acting against the pressure 
Anexampl fa angle type lobe va 
‘hownin Figure 10.16 


Fae vem Here 


Main characteristics ofvahe stop 
functonsare aol 


‘Stop Function: 
* Valves and stem connected 
1 Valve can only be dosed by 
operational Randel | actuator 


Terapia 


‘Stop-Chec Function: 
1 Valisead and stem not connected 


* Valve canbe closed by operation of 
handwhee!j actuator 


1 lw reversal 


jean 
€ 

Faun 1p can ror 
‘Valve Guiding Types ‘The eventation ofthe closure elements 
Thekey to reliable performances byanextemalant-atatondevee. 
‘rsurngthatthe dosuredemenis Avant 
remain aligned nthe correct retation. acd 

1 ttremoes the guiding from the 
Teearetvomantindamnts) | drertefectofte ayer med 
approaches to this body guided an 
=e = Canreduce these weight ot 


Body guiding common usedon 
lager lobe and rata ves. This 
‘snowy achieved by using uidngot 
thevalehead onthe bod 


Abvatages: 


Large contactarea ta provide 
Stabity othe valehead. 


Disadvantages: 


' tmay require hardacing fr hgh 
‘wear applications. 


1 tecan be subject to fouling and 
binding system condense nat 
‘maitained, le scale 


f= Alargervalehead soften requled. 


(On NV applications. the valved 
Salzes tothe body thenthe lobe valve 
Fnetonalty can bees se 


‘Stem Bonnet Guiding 
Stem bonnet guidingscammonon 


“llr dlametervaes andre achieved 


bygudingthe stem wthinthe bonnet 


‘ache, 


* Generally no need for hartfacingon 
ompanents. 


* On NRY designs, allows the valet 
beusedasagiobevalveinthe event 
fseaure 


Dieadvantages: 


'ttmay require alager stom dlameter 
forbigszevales 


10.1.3 Check Valves 


Check valves are used to prevent 
ow reversal piping systms and 
‘conected equipment The tree most 
‘common designs of check valves are 

1 Swing check 

Ting isk 

= utteneck 


‘The swing check vale design (shown in 
‘gute 10-21) consstsofahinged dk 
that swings open when Now stats in 

the desired rection andswings closed 
Inflow reversal situations. Becase of 
this singing action ofthe dk tis 
Immportant to intalalswing check 
‘aves a thatthe dik cles postvely 
byaraty. When lly open the swing 
checkoffrs les flow resstance than the 
echeckvalve design 


Fe Fr ce 


Sing check valves with ausidelever 
snd:elght arrangements (sho«nin 
gure 1022)orspeng loaded dss 
‘can facitate immed cesien 

fw revere Thelmmedate ose 
inurzesthe possble damages of 
‘hock and dk chatter insysters. The 
ting disk swing check vahe anther 
type of swing checkvale that sused 
toh prevent slamming (se Figure 
102), 


Inflow tuations where shock closure 
andjor dk chater are encountered, 
‘the varieties of sing check valves can 
‘beused to help mime the problems. 
See Tables tthe endo the chapter for 
sizes and dimensions 


Tava igor 


Incanbe eed as an ltemate design to 
‘many ofthe same appeations where 
suing checkvaves are considered 


Thevabe i opened by theflow 
«ection, with the fw passing blow as 
well asoverthe dk, and cloed bythe 
combination of gravity and flow eer 
The low over the disk ponies greater 
stably f the dskin serve 

Genoa the advantages ofthis design 
provide the most convenient beefs, 
ove 6" andalso on higher pressure 
Sndlow low ate applications, where 


theres ask disk stabliy 


‘The iftcheckvale design (shown 
{in Figuce 10.24) used in stuations 
‘hee pressure drop snot considered 
‘tical The low pattem through the 
‘ale corresponds to thatof the globe 
‘alve.iftchecevales ae aval 
borzontal nd vertical designs. 


Ta oc Te 


10.1.4 Preheater Protection Valves 


‘The preheater system s designed 
ta prohest he feedwater prior to 
‘entering the Boer to improve 
ffelency. Thisis achieved by taking 
Steam fram thesystem and using 
{tto heat the incoming feedwater. 
“Thisproessicaied outinaheat 
exchanger, often eferedtoas 
“preheater” or “feedwater heater 
lich const fs number of tes that 
{ontan high presure water that are 
Suraunded by relatively low pressure 
“Heam inthe eventofatube fracture, 
thehigh pressure water il vercome 
‘thelew pressure steam and here's 
‘ekthat water il force fae back 
{own nate team system, To avoid 
this, awater level indicator system s 
Insta inthe preheater and when his 
‘Stiggered thereneeds tobe assem 
tw eftectey isolate the high pressure 
water rom the preheater. There are 
number of waysto do ths, butone 
Systems using -nay inlet and outlet 
‘aes. These canbe ether motor 
‘operated or medium operated, e. using 


the feedwater pressure to operat the 
valves. 


Poe 


Basic Valve Application 
Normal Operation: waterenters the 
Init valve then ett the ester The 
heated waterentersthe outlet ake 
from the heater. then enters the outlet 
valve and, aly, on tothe boler. 
Bypass Operation: valves ae cased 
The waternow pases ove the top of 
the let valve seating and exts athe 
bypass ute piping nto the outlet 
vale, thereby eating the heater fram 
the pressure, 


eg 


CJ 
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10.1.5 Reheater isolation Valves 


The dsign ofboth coal-fired and as: 
Fred ystemsis used to transl heat 


‘ram the combustion process nto steam 
forthe power generation process. At 
Some point inte fe ofthe bade, t may 
benecessary tocar aut ayero-test to 
‘onfmthe integity ofthe bole. This 
‘maybe du tocaricaton orto check 
‘maltenance work, such at baler tbe 
replacement 


‘There are generally two sections ofthe 
boler that are used to generate steam 
and are therefore subject to hydrotest. 


‘Normaly. tests are performed on: 
= in steam section 
= Rehester section 


‘The main steam sections usualy 
‘elt easy to olat, a often has 
‘ahiss inthe man steam and feedwater 
Ding sections, which canbe used to 
[Editi the maln steam section in 
theevent of ahydrotest equiement 
-Howeves the reheat ecton can be 
‘moredificue to late, de tothe 
{beation and prenmiy tothe turbine. 
‘The reheat es are usedtorecaver 
‘ational energy toincrease eficency 
Sn therefore, normal se used st 
‘ower pressures and on age piping to 
‘mings pressureloses tough te 
‘ing, Ths sone of he reasons why 
{heel ftenarlutanceto stall 
‘ales in these ies unless pectcally 
‘required, because presure ss could 
reduce ficiency. 

\Whena hydro-tst needs tobe cared 
‘ut there ae often few zltion its 


‘that would alow the hyro-testto be 
‘ontaned within thereat section of 
theboler.Thisis generally not concern 
‘ofthe OEM, butof the end-user whol 
‘ed 9 corplete the warkin yest 
‘Acommon solution would be tcut the 
‘pe and instal Manges and binds that 
{elalow eolaton othe reheat ston. 
‘iscanbe costly solution 


‘ypleal solution 


‘Arehest zolaton solution const ofan 
‘empty ale body sad witha ull bore 


tominimizepressureloss. 
Theale sited withalarge pressure 
seal geceescoverto allo the installation 
t= lin' when requled. Tiss 
hotmail ited withan Ong seal but 
canals be fitted with graphite gasket 
forsteamtest applications, Frequred. 


Tarai 


‘Once installed, the osu preloaded 
tothe sea The pressure sel osure 
Isthenemstated andthe vahe can 

then be pressurzed tothe requied test 
pressure Ths pressueactson the in 
Enda the pressure increases, s0 does 
the sealingioad onthe bind 
Fellowingthe et the plate canbe 
removed andthe vahe reinstated 
toanemptyullboreline for normal 
operation 


10.1.6 Turbine Extraction Valves 


Turbine extraction valves are aswng 
check vave/ttingdskvae with ide 
top mounted single-acting preumatic 
Appllation: xractionservie and 
tethaust src in power plats wth IP 
LD steam turtnesartup funtion 
Isto prevent the reheat star frm 
Feluringtoturbineon tp. 

Main Features: 


* “Double protection *induding 
postive dosureand powerasssted 
esi 


Fastlane line content could adversely affect ave 


= Postivetght eating components. Othe applications for 

a pragm valesarein services where 
‘ontamsnatan ro outside sources 
annot be tolerated: for example the 


SNS Pharmaceutical and feodindustes. 
1 Diaphragm valves fer from other 
‘ales inthat the body of the valve 

line conten sealed ram all 


‘moving pateofhevale by aleble 


faphragm. This lee dphragen 
10.1.7 Bypass Valves fe 
{In arger vavestuations where high al 


ee | 
Sena _| 
ieee, 
Sapam aaced 
Fecthendereer 
score, 
oem 
genmatonn in 
eae 


10.1.8 Diaphragm Valves t 
Diaphragm valves (sometimes retered Seige 
toassaundersvaves) are desgned to 

‘antolfowinearasve serieswhete gun iazaipavihe 


Tp Thay Crone 


seal prevents stem packing leakage of 
line content and flaw contamination by 
pachinglubrcants. 


Eventhough there are many varitons 
of daphragm valve designe, most can 
be cased eather weicsype or 
Staightvay ype 
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\Wiictype daphragm aes arethe most 
‘comman type of daghragm vale used 
Frgure 10.31 shows atypeal woi-ype 
‘ale along wth smajr components. 


‘The weirtype dlaphragm vake 
Incorporates arated section (wel) 
‘alway through the va, which 
actsasadlosure pont forthe fexble 
‘apivagm. Because ofthe way the 
lwo formed inthe body, diaphragm 
‘ovement shortened hich itu 
‘prolongs daphragm lfeand reduces 
‘veal maintenance. 


Tae Taam 


Strightway-type dlaphragm vahestave 
no wer inarporatedin the vale design 
gure 1032showsatypealstaightway 
valve. Ths designgiesthe vale an 
Unioterupeed passageway sated for 
Flaws which ae cous or contain sls 


There aremany types of dlahragm 
mates avalbe dependngen 
sence and temperature condtions 


Because longer daphragm movement 
leneeded in the straightuay-type 
valve compared to the wertype, 
‘material selection i limited forthe 
strightway-type valve 


10.1.9Pinch Valves 


Thepinch abe ke the aptragmvahe 
use afleubledaphrgm nthe sing 
andopening athe vate. Pinch valves 
tee feBleholew sleeve whichie 
Pinched dosed to stop fw by manual ot 
Power methods. simple, airopeated 
Pincha shawn inFigure 10.33, 


nT 


Pinch valves ar daly suited in services 
which cary suspended matter, suis, 
and sod powder lows 

10,1.10Bal Valves 

The balvahe, asthe name indicates, 
contains bal shaped pug within 
valve bod which regulates flow. The ball 
hae rear hole or ow-nay through 
IRecenter and when tumed one-cuarter 
ofthe way the ow stops. allales 
‘ome inthe general patterns 

1 Venture-port 

1 Fu-port 


1 Reduced-port(sometimesreferred low regulation. 


erage ne Butterfly valves are available in two asic 
‘heportpattemsindcatethe side body types 
ameter af thebll fow-3y 1 ec ype 


allvalves may asobeclssed bythe Double anged-ype 

bod styl. Body tyes comes inane eae 

plece and mult-piece bodies. Te wafer type (sown nique 1035) 
ismounted between two anges and 

Atypicaleduced-port(orreguls-2ort) held inplacebyfange bolls, 

‘allvalve ath a mut piece body 

showin Figure 10.34 


eae Re 
Instutions where dsmanting 
Df equlpment aries may requre 
‘dsconnecting af ane ofthe heing 
anges alug-waer buttery valve can 
be use. The tg-wafer buttery vahe 
(chown inFgure 1036) hastapped 
lage through which he ange bos are 
“sewed and old the ave place even 
—__~****_henane flange eremaved inmost 
acer Te ater buttery ales, thelastomer seal 
‘oacts apts own ange gasket. 


10.1.11 Butterfly Valves 


‘The buttery vahe offers asimple 
design thats ightweight compact, 

and expensive partly inarger 

‘ale sizes. ttconssts of fat. reular 
dskhinged in its enter, which doses or 

{ull opens witha quartertun. Seating 

forthe kis supplied by metal sets or 
resent types of matetalke elastomers 
and pasties Because ofthe advancesin - a 
eting materi buttery ves have 

found general aceptance in theo, 

2s, cheical ate, and process ils 
{The vale often usedin pace of gate 
salve, buthasthe added advantage of 


Por 


‘he double Ranged buttery (shawn in 
gure 10.37) ncoporatestwo tange 
fends which re bolted india into 
‘the pipework or equipment anges. 
{Gaskets are used betwecn the vale ends =) 
and connecting Manges 


‘ie 0a atone 


10.1.12 Plug Valves enn 
Plug valves (also known 2cocksaves) 2 
‘onsistatataperedorparalelsidepiug = | | —))) 
Sahih eanberotated a quarter ture y 

thin 2vave body The quarter turn 

‘ves Tul closure fully open operation PI 
‘Sf thevale. Thee ae we base type of 

plug valves avaiable 

brated plug 

1 Non lubricated plug p> a 


‘One variation f the ubrcated plugs 
showin Figure 10.38. ones 


‘The ubrcated plog fers fromthe Tguclalamati rae 
‘oneubrcated plugin that provides 

‘means ta ubicate the seating surfaces 

ofthe vale This lubrication helps 

tweliminate vale sezing whilst 

providing apostiveseal Lubricated 

‘lugs should not be used low 

‘ontamination maybe problem, 

‘The plug valve design aso lends ist to 


smult-pert vale arangementsasshown 
inigure 10.39. 
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Chapter 11 


Sustainability 


Energy Agency, ECS isthe ony group 
Eppaccineid tftechnaages that contre bth 
tereducngemasansnixysecors 
Set anftoremoing C2 om the 
stress to ace he roe 
iinet trdesto pee 
Cru pat facing nero 
miss elt xoroving ruber 
igemmttatsecimpants he 
focthameces prringestoona he 
Poi emisins and ther sing 
[nordic orseursterngi acy 


Sustainability has become the main 
‘plot in reat to energy transton 
from tradonal focal ourcesto 8 
‘verse and mare suctainable mx of 
‘energy sources. Several conversations 
‘eran open and under discussion 2s 
ta what sustainably targetsto beset 
and ways of achieving those tages. 
‘The key sustainably sues that are 
lenportant othe process control war, 
Includes decarbonzaion,emisions nce of secuesesing sae 


‘management, clacicaion cael willbe citiealt getting to anet-ze0 
energy efficiency and optimization. Wh 


“Technologies uch as integfated 
aehitectres that proud erica 


Insts int operations un-by anor 
aoowenliekdiatreswithepomper. 142 Energy Reduction and 


Sustainablity and decarboniation Efficiencies 

‘forts. intelligent eld dees, Energyeflency and optimization 
‘ontroland optimization software, | remanea crcl sustainably strategy 
ndprocesssimulatontolscanhelp forthe word Only about one third of 
‘omparies meet ther sustainabilty. the primary energy produced today 
targets.Companles aresubstiutingless actualy pertorms the desired function 
bon intensive fuss suchas natural “heating and cocking a home, moving 
‘2sandindrogen. aswell asemploying yeh, or cooking food. Two-theds 
Fenewable energy rom wind, solr, ofthe energy that goes nia the energy 


Iydrweectre, geothermal and green Systemislost through medlumstke 
{elsources. Whe companies iwestin heat excaping through wins, rales 
ew. ceaner energy altematves. they applied in vehicles, electricaline lasses, 
‘mustalsolook forwaysto ct emissions overlong distances. vteus energy 


Inthe share, mi, and long-term, transformation, and unoptimed 
Specialy, theyare looking stvalsble proceser There ins major opportunity 
‘dav prevet leaks inthe fst {ocontine enhancing energy effelency 
‘lceproducelow to zero cmisionshy as reflected inmany the roadmaps 
{sing lower carbonintensy sources; deyelopedta deliver tomorrows energy 
andrun processeswth moreetfiert sytem 


‘caniaxtionaed ber nls: Energy intense industries re under 


Catbon, capture, Utlzationand Storage pressure tobecome more sustainable 
(CcUS)procesesextract potsource Sh reachsiglican reduction in 
Carbon emissions and sequestesthem Greenhouse Gas emissions. Tete ae 
‘underground, Thetechnologyhas the aleomany potential renewable energy 
poteilaltoremave90in 9% ofan process and technolagy slition, ie 
Industral facity'scabon emissions. fenewable (green fydrogen, carbon 
Walco supports sealing up production capture, biotels biochemicals and 
cflow-carbon hydrogen by converting plticrecyengthat show substantial 
{micone nt the alternative us reduction or elimination of Greenhouse 
Source. According tothe ternational Garemislons. 


Solutions that enable the emiconmental___ sks suchas aforetation and 

Sustaabltyprogress cover four ‘eorsation» 

Stele Energy Source 

Deesrbonzation, Hetriication and 

Sstemlntegaton,enegyeticency 11.4 Greening OF 

apgoptimzaton andEmisons renin OF sfcused on company or 
ganization eng n-huseintates 
Sra goal toreduce greenhouse gos 
émision.Creening OF aoinvoles 

11:3tecarbontzation {ngoingupsteam parton aking 

Decarbonzatonhasqaned prominence Sue he af redieng greenhouse 


lth inceasng labaltemperatures gas emisinsinthe products thoy 
‘ver recent years asagaistthegoal _proudetoyouas acastomer AN 
fltheParis Agreement for limiting example of was companies an show 
thetemperatur within 2Cunti 2050, strong commitment and investment in 
CGibonmitigatontis become an Greening OF th remsure hunt a ll 
Important and urgent suelnsocety. locations king for opportunites a 
Inftatingintavarous octal fields reduce energy consumton, 


Inctding polities, cure, economy. 
feviranment, nd int) The Pais 
‘Gimate Summin 2015 reached 20 
agteement declaring the abjective of 
‘eeping the increase In global average 
temperature to well blow 2Cabove 


Initvs can be implemented to 
hepiprove internal sustainably 
peormance. By enlisting energy 
Providers, supply chain partners and 
logis series to support ina 
objective of greening ther proces, 


prendusrleeswthinthe entry Some stabs ntotes at hve 
ature topurueetions toll Siant mpact on greenhouse gt 
iMeetionsta FSC(PCC.2014) Severs Sacan 


Industries inthe chemi, power ol 

andas hybrid, mining, cement, steel, * LED hting retrofits 

baper and pulpare exploring plausble_ Autoated ighting shutdown, 

pathway towards decarboniang these y Compressed leak detection 
= 1 Replace contolsystem fr chiled 


processes. Asa esl. mostof these 
Indusieshaveletiiedand developed Wate process -tuneschedullng and 


<ecarbonzationpathuayethat wil seat 
[Radtototelnetserocarbonemssions  * Changeout Row ab igh atures to 
'by2050. To meet thentematioally eo 
agreed goalofimitng global clmate Replace control system for child 
‘warming toamaxmumo 1 Scversus water process-tune schedulng and 
thepreindisialperied.ndusties are Setpoint 
‘considering two general methods. Getting tant zeraand implementing 
* tigation of carbon sources tdearbonzation eaadmap within the 
Imasivepenetratio ofrenewable _fourvallsofacompay ead tcataljae 
‘esourcerand effleney femsson rections here We can have 
Improvementfocarbon intensive the greatest impact—with suppl and 
Indust processes. beter 


*= Deployment of CCUStechnologies 
fn relnforcement of erbon 


11.5 Greening By lucha 
(aon bes carne. 
Astachooogy eaters the ‘Saray cxn manage aoe. 
wedvowsabontantn. Sale anes eee 
“contributions will come from the ‘hetengne Re chiens, 


‘option af new energy efficent Scope 1,2, and3 Emissions 
technologies and equpment. whether The greenhouse ga protocl 
Itscontros systems, software or ‘Categories company's greenhouse 


hardware. The oppertuntytsupport gas footprint nt tives afleent 
‘stanablty and decarboniztion oats Supper Sone |emieion are drect 


lath pradactsandservices—vhether_emisons rom owned or controled 
‘lsupgradingta enonmental Sources, suchas emission om comfort 
packing, eletriesolution or vahe heating nou affices crm induc 
ondtin montaring,—technolagyand gpplcatons nour manufacturing 
frodcts wile animportantpartof Sex Scope emissions re indect 


‘ecarbonzing the process world going emissions rom the generation of 
foward Any industry segmentthat as purchased electri. These emissions 


fughtveemissions orgreenhouseqas Gre considered inact because even 
femisionisacandidateforgreenng though the emisson ce ares of ur 
theirprocess, rom powe.energy. actives, the emissions accurat the 


Se ea, eT 
Spcincteenes: pattems 
mers 

plete a 
Perec 
eee ae 
piped 
sheer ssiek 


11.6 Greening With 


‘Asthe ward continues to accelerate 
‘towards total nt zero carbon emisions, 
{tsavaysimportantto share 233 
‘balan acl community on what 
Technologies should lak kelnthe  ——He7T.TGonioae Ga 
future tomeet ths demand and what 

adjustment orimprovementsmustbe Some companies have reported on 
‘madeto accomodate these changes. Scope 1 and Scope? emissions but 
‘Tisapereachinvolvespartispation in havenot fly measured on Scope 3 
leadingindurtryforums.colaborating emissions Scope emision reall 


lth etearch ntutions to ve batherindrect emissions that occur 
Innovation andenablingproacthe —_withinthevaluechan Scope 36 
engagement wth goveroments ‘yplalya significant contribute to 
\eordide Environmental susainabalty — ttalorganizaton emissions, ait acts 
lmvoles many uncertainties, tone” 35a°catchall for any energy-elated 
thingiscear~thescale scope and emissions not included in Scape 1 


‘complenityofthelay-carhon trenton 0" Scope 2 andindudes 14 other 


categories of emissions. nding 

{psteam and downstream emissions. 

Dovinstream emissions stem fam 

strbution, from customers use ofthe 

products ntheirhomesand alts, 

nd ftom bow products ae treatedat 

endo life Upstream emissions stem 

ftom the manufacturing and materas 

{son the part that are puthased or 

thedlectemisone of suppl, Scope 

2 also nudes micelneous emissions 

stemming from inet actives 

lke busines travel and employee 

commiting 

Scope Includes 15 ferent 

Gtegoties: 

1 Purchased goods and serves 

= capital goods 

' Fuel and energy elated activities 
otincuded Scope |r Scope2 

* Upstream dstribution 

= Waste generated operations 

Busines travel 

1 Employee commuting 

= Upstreamleased assets 

* Downstream ditbution 

1 Processing of sold products 

1 Use ofsold products 

Endo trestment of sold 
products 

= Downstream eased asets 

1 Franchises 

‘We know rm the industry averages 

‘thatupstream purchased goods and 

‘avces doer tend ave lage chunk 

‘of Scope 3 emissions the averages 

thatthisplececontibutes[ustabout 

20:30% othe otal cape 3. Also, use 

‘of products sold tends tobe around 


0.688, buenestravel nd emplyee 
‘commute willbe about 2-3 and 


logistics (in and outbound) around 2-3% 
awe 


Ingeneral the precision around the 
Scape emissions wllentinueto 

get better as more datas recorded, 
forthscategory and ec theother 
catogries. The objective here, that 
while companies are not being asked 
Toreportouton Scope today, some 
are being proactive and measuring ths 
information now, withthe expectation 
that they wie shed report out on 


thisinfrmtion nthe very near ture, 


11.7 Net-Zero Ambitions 


Asthe word grapples with huge and 
‘urgent challenges posedby climate 
‘shange industry rising to these 
‘demande by dscising and addressing 
cles that would hep misgate 
egatve impacts onthe envionment. 
Companies estabieh targets ta reach 
retro greenhouse gts emissions 
ross Scope 1, Scope? and Scope 

Shy completing ndpth analysts of 
hel total emissions andusing this 
Information tose basline year, Once 
the baseline year as been established 
the company then cansetagoalto 
reduce greenhouse gs ersions with 
2 target yeartobenetzero, To ensure 
‘ur goals follow the atest cimate 
Slee tlsber¢ta be algned with an 
Ingemationaly recognized organization 
he Sence Based Target intaives's 
(SBT) Netzar Standard taset goals 
SBTis the wal’ ading erganzation 
Indring theadoption oscience- 
based targets Arobust net zra design 
requires the absolute eduction of 
‘greenhouse gas emisions by atleast 
502, allowing for high-qualty carbon 
neutalzaton note parts the 
‘cosystm for any residual emissions, 
tuhich cannot be atherws abated. 
‘Once company or organization st 
‘greenhouse gas emission reduction 
targets ts important to moniter and 
‘measure progresson yearly bas. t 


‘crucial to dre the sustalnbly and decarbonzation agenda within company 
tomantan motwationandintrestinthisal important andrewardng area of 
sustainably 

The energy transition and decarboization applies to green and brownfield projects 
long wth MRO opportunites aloning customersthe abit to green thei 
processes by reducing greenhouse gas emisionsn supporto total net zero goals 
y2050. = 


New nd Emerging Technologies 


Pre an eer 
parage Carbon Capture | and Boctermicd ond Storage 
oi ali 
ie. |“ M fem tent 
setvnon | anemone | at | we | arene 
con | tee ane | Focaon | 
se | tatoo | nour | eapaweaes | ly 
ature bone vec sae © Anator 
band © contr der 
sito. | 5 peti | = atemt | "ate 
= rongetnon | froin | 
11.8656 mates andbenefed sky 
inesinginfensthtehanpion __sheitine he movant at 
toner soca nd goverance gale action ith many vestrs and 
Coimmeen cendesed fr Sakeholdes acy demanding hat, 
eee ntananuerie: compares nye DES protest 


foreront of corporate intiatves, Gat pubely show ther progress in key 
‘mayhavetransooned toreatyin2004 seas 


lahen the United Nations Secretary, The calls have beens greatthat the US, 
of Annan. asked50 majorfnancal _Seeuitiesand Exchange Commision 
Institution Chef Eweutve ffcersto _(SEcisereating reporting guldelnes 
Join aninatveforfinding waysto—_Sacampaniescan provide consistent 
Integrate SG conceptsinto global and gecurateaccaunts ofthe ESG 


markets Inthe 2006UNs Principles for programe, alongeide tek standard 
Sespenleimestment(PR) ep the franca eprs 

tem eSGuascainedthatexplanedhow 

championing SG factorsmade good “Alt simplest.SG provides an 
humeloning ES factaremade good bai rameworkto considera 


“ampany cenpacranrdeperaenceson 
theenironmentand society wel 
‘the quality ofits corporate governance” 


11.9 ESG - Approach by 
Companies 


White socetaland governance 
‘sss apply taney all companies, 
pettochemicl companies ae naturally 
‘more forised on envionment sues 
Theresa reat deal of publ pressure 
onthe industry to decrbonize product 
streameandreduce emissions 
palltants, especially greenhouse gases. 
‘oaceomplish these goal, mast fms 


EES GT aPHTORT, 


(One majorintate's thus of 
recycled and renewable eedstocksto 
‘cent low-caton tersive uel Such 
feedstocks might include soybean ol 
comol. bet tallow, white tease and 
‘sed cookingois as walla as ram 
soe rapeseed and carinata Other 
processes calc biogas rom vatous 
tlelturland waste sources andthen 
Convertthose potential greenhouse gas 
emissions to sleabl lomethane for 
Injection int natural gs panes. 
nather source of vironmental 
Improvements comes rom the 
reduction fntentonal and fugthe 
methane emissions Remote ol and gs 


1 Racing erat tint 


1 oli fod uty a ersarmena stanly 


= ang vant aay 
Mose sfty 


1 Ee engagement 
1 hain mene ete 


1 ann the fren 


1 Sn cy gic and athena eatin STE) 


1 ter aosiy dare 
1 esknanaenentandoveoht 


Fare 11S poche aes 


‘productonareasandppelineoften automation leaders to adressthe 
{Henatural guess amotiveforce for” mostprestng challenges by designing 
Instrumentation andvalve actuation, navatve methods to addres ESC 


Enimetanervenedeaieadisake le 
led onic Abo, most control 

‘ales andr pumps in chemical serve 
Tendtoemit palant ugh pacing 
nd sella Althve ems 
‘eurces canbe sibearaly cated 
Etdevenstminated ough proper ‘slaty forums ard rants, 
coipment design tepacemenevth 6 onideschlaspstofutey 
‘electric actuators, or improved packing fieids. These efforts often result in 


‘anather area af eliaboration canbe 
foundin join partnerships between 
automation leaders anduniversties. 
‘hutomation suppl routinely fund 
Sustainable forums, ard grants, 


esgns ext generation instrumentation and 
Another enabler of ignfant chemi processes, ying incant 
‘geenhouse gasemissonsreducton environmental improvement. 


[renew desigasinvalve actuation that 
Slow natural gas-actuated vas to 
‘ereplcedvithiow and even zero 
emsionsaematves Often sida 
‘etfs, these uparades provide 
(ramatiereductionin methane and 
‘Geenhouse gasemissions Addtionaly, 
Some automation supple afer 
‘arity of ow-bleed erates for 
‘natural gas powered instrumentation, 
‘aswel as verylow power elecical 
‘erates hich eanrun on the power 
‘rouge by smal slarsystems. many 
‘ass the savings generated fromthe 
‘educedmethaneemisions reduced 1-41 Conclusion 


The mast sueceestl autcame for 
bur plane results from colaboration 
between industries, These types of 
Colaborative efforts ae already under 
‘ay. with benefits being resized no, 
Snore to come soon, mpavernents 
Immediately benefit society andthe 
enronment, but they ao alow 
company to defn its lead choose 
the best path forward tomeet ESC 
seals = 


testing requiements andaddtional —_ncreasingpublc pressure, stringent 
‘aturalgot production payforthe | envronmenta regulations and 
Instrument upgrade These equipment efforts towards sustainably and 
typesaften meetstringent methane decarbonzation has placed mense 
femctoneregultioneimposed by local demandon mast ndustes to dently 
‘governments. = Sn develop decarbontztion pats 


that wlio ta total net zero carbon 
emissions by 2050, These efforts vil 


11.10 Maximizing ESG fpmect te meron seed 

alt nn abl ct earl 
through Collaboration Sonoma iscieasie 
Wile bothallndgasndistryand pean peo. = 


automation supplies are making 
Significant strides toads achieving 
theiremironmental goals, best progiess 11.12 Commonly Used. 


‘ten results froma callabortion 
‘between these two groups Thisis ‘Terms in Sustainabllity 

slreadyhappeninginsome ares, with * Carbon eltral means that any CO2 
‘and gas spectalsts workang with released int the atmosphere from 


company’s activities s balanced 
yan equtaent amount being 
removed 


1 Net zo carbon emissions mean that 
act eleasesnetsoro carbon 
emissions na the atmosphere 

1 Total Net Zer0= Net Zero 

' Carbor-netraland net or are 
"wo sar terms Inbathears, 
Companies are werkng to reauce 
Sind balance thereat footprint. 
{henctbon etal erst 

lanangout the amaunt of carbon 
femisions eter carbon means no 
{ito was emitted from the get-go, 
‘anocarbon needs tobe captredor 
fet 


12.1 Safety and Layers 
of Protection 


‘Saet sprovided by ayers of 
protection. These ayers a protection 
Sartwith effective process contra 
‘extend to manual and automat safety 
prevention yes, and continue with 
[Eyerstomitgate the consequences of 


‘The fist yer ithe bal process contol 
system (BPCS) The process contol 
System sl provides significant safety 
‘through proper desgn ol proces contol 


‘The nxt ayer of protection sso 
provided bythe control system and the 
ontolsystem operators. Automated 
‘Shutdown routines inthe proces 
‘ontolsytem combined with operator 
Intervention ta shutdown the pocese 
arethenest layer of safety. 


‘Next sthesletynstrumentedsstom, 


lesa safety system independent othe 
process contol system. rhas separate 
Ensrs valves, and logic solver te 
‘nl safety No paces contol 
perlormedinthiseytem, 


(Operator intervention andthe salty 
Instumented system aes are 
designed a prevent asaety-elted 
vent. asafety elated event occurs, 
there ae additonal ayers designed to 
itigate theimpactof the event. 


The next layerisanactie protection 
ler: This ayer may haevahes or 
ture disks designed to provide cele 
pant ha prevents anuncontoled 
Folate that can case an explsono fir 


The not ayers apassve protection 
lays tay consist ofa de rather 
pasivebarie that servesto contain 
fre or channel the energy of an 
feaposioninadection tat minimizes 
the spreadof damage 


ae atiaweetrane 


‘Thefinallyeris plant andemergency determin fan emergency situation 
‘exponee.alargessety event occurs ext. The purpoce ofthese sencre 
this jer responds ina way that Istomessur proces parameters 
‘minimzesongoing damage, injury. or temperature pressure, low, density 
loeraflife tmayincideevacustion. ete} to determine the equipment 
plans, freghting, et Dr processsinasafe state Sensor 


types range rom simple pneumatic or 
‘lecrical switches tosmar transmits 
with onboard dagnosbes. These 

encore are dedicated oS service and 


12.2Safety instrumented _haeprocesstaps,whicharesparte 
and stint rome process taps used 


‘Overall safety s determined by how 
these lyersworktogether. «| 


Systems (SIS) ibynormal races information sensors 
_safety instrumented system (8) he Solver: The purpose ofthe 
Sconsred spate thantiebaic parent of Ss tocetrane 
Drocesscontrosystem (BPCS)inthat what actonisto be taken based on 
the SIS isdediated otaking the ‘Selfermaton gathored. Highly 
bprocesstoa"safestate"shouldactical lable lagi soles ae used wich 
Pees rode both alse and fault-tolerant 
‘The I const of several safety peration tis typically controler 
instrumented functons (Sif) Exch thateads signals from the sensors and 
Safetyinstumentedfunctios asa eazeutes pre-programmed actions to 
Specfedsaletyintegrtylevel(St). __preventahazardy providing output to 
‘thichisnecestarytoachievefunctional inal control elements). Logic sors 
‘fey. ach SIF na separate or every often programmable orn 
internkedlogpcompreed of sensors, programmable devices, but canalso be 
loge ster (9), and inal control Fechanicalinformof hitched set to 
clement (FE) se shown inFigue 122, pte safety uncon. 

Sensors fed sensor ate usedto| Final Control Element: Fal contol 
‘lect information necetaryto ements implement the ction 


Fa amp ay aT 


<etermined by thelogic sole Tis 
final contol element typcly an 
automated onjof valve, with ava fat 
‘dosed fal open function 


tls imperative thal thre elements 
fof thesIs function as designed inader 
{safely slate the proces plant inthe 
‘centaf anemergency. = 


12.3 Safety Standards 


tna proces plant, theres no such thing 
a tisketroe operation or 100% lab 
‘Tprefore, one othe frst tack of 
thesis designers to pertorm a ik- 
tolerance anasto determine what 
levelof salty needed IEC Standard 
{51508 (Functional Safety of ect 
lector and Programmable lectionic 
‘Sjstems) 62 genera standard that 
‘coves functional safety related tall 
‘nds of processing and manufacturing 
plans IEC Standard 61511 ands 
584.01 (Replaced by SA 84.00.01-2008) 
aestandads speci tothe process 
Industes Al vee standards use a 
performance-baed Ifecycle modal 

nd spect precselevelsof sae, best 
bractces, and quantifiable proof of 
‘compliance. «| 


12.4 Safety Integrity Level 
(sit) 


Saety integrity levels (are 
‘quantable measurement fri 


Since they were fstintroduced, salety 
Integy levels have been used sa 
‘quantfable way to esablsh safety 
perocmance targets for Systems IEC 
Standards spect four possible Safety 
Integrity Levels, S12, S13, SL) 
3sshown inFigue 12.3 however SA 
584.01 ony recognizes upto 


|Adeterminatin ofthe target Sale 

Integy Level requ: 

* Anidentfication of the hazards 
invohe 

1 Assossment ofthe rskofeacho the 
(dentiegnarads 

1 Anassessment of ther Independent 
Protection Layers that maybe 
Inplace 

Hanards can be dented sing 3 

umber of ierent techniques one 

fommon technique sa HAZard and 

(OPeabity study (HAZOP, 

Ackfactor mustthenbe determines 

foreach ofthe defined hazards, here 

Fis defined a3 uneton ofthe 

probably (ikethood or requeney) 

hd consequences (severity) af ach 

hazard vent 


The HAZOP study suse to entiy the 
riskto personnel othe environment 
nis caried ut by a mult-scptinary 
team (HAZOP tea. 

(Once thers sient, the HAZOR) 
process hazard study (PA) wile the 
Fequirement for skreductio, thus 
Aefne the required SIL Level, 


wantinrins | Peatmvatienceand| yee 


Additional criteria ned tobe vied 
toenurethe iF mest he required 
SL andthey are often divided nt the 
Foiwing points 
1 Systematicintegy: ll demens 
ofthe SF ned to be capable being 
(ed forthe defined St evel 
= Aretecturl constants: Hardware 
Ful Tolerance (HT) and 
Fedundancy ofthe acitecture need 
tecomply with curent functional 
Ssletystandads 
* Randomintegrty(PFDavg)The 
fale rates othe nda delces 
ville used to calculate the average 
probabil of alu on demand: = 


12.5 Probability of Failure 
Upon Demand 


‘By understanding how the components 
ofthe sis system cana is possible 
tocaluate probably of fare on 
<erand (PD). Tere are twobase 
‘ways forthe Sto fal The rst way 
‘Scommonlycaleda nuisance or 
Spurious tp. wich usualy resus nan 
{planned but elately sae proces 
‘shutdown While there le minimal 
danger ssocatedwth the type of SS 
Tale, dhe operational casts canbe 
‘enormous. The second ype cf alure 
doesnot causea process shutdown 
‘rnulsance tp nstead the fale 
‘emalne undetected. permitting 
‘continued process opeationin an unsafe 
and dangerous mannet. fan emergency 
‘demand occured, the system 
woul be unable to respond propery. 
‘These falures ae kan as cover ot 
‘de fallures and contbute tote 
probabity (PFD ofthe syste falngin 
dangerous manner on demand. 


‘The PFD Foc the 8 system sthe sum of 
PDs tor each slement ofthe system 


Inorderta determine the PFD a each 
‘lement, the anast neds documented 
Fale rat ita foreach element 
Thisfalure rate (dangerous) s used in 
conjunction vith the test interval} 
term a calust the PFD. elsthistext 
Intenal that accounts forthe length of 
tune before a covert faut covered 
through testing. Inreasing the test 
Incrvaldectlyimpacts the PFD value 
Inaliearmanser: Le, fyoudoublethe 
Inerval between tests, you wil double 
the probability for falireon demand, 
and make tice afiult ta mest the 
targets 

Te goveing standards for safety 
Instrumente systems state tat 

lant operators must determine and 
document hat equipments designed, 
Imaltlned, spect, tested, and 
‘petted nasafe manner. This 
Imperative that these component of 
safety instrumented system be tested 
Frequently enaughto reduce the PFD 
andmeetthe agers» 


12.6 Final Elements, Proof 
Testing, and Partial Stroke 
Testing Techniques 


Fnalelement consist vas, 
actuators, and va instrumentation 
Depending onthe application ball. 
buttery oc contra vaves are used for 
‘emergency shutdown (S0),blowdown 
Valves (BDV). or ther sein 3SISto ake 
the processtoa saestate 

Asfinal elements te any partot 

the See itt cnt he 
required SL without considering the 
Init and loge solver as partof the 
loop. statistical data avalable rom 

the process industies canbe used to 
Protde anestimation of complance 
With the required SI Data from OREDA 
{ortehore and Onshore Readily Data) 
sts that as many as 50% of falares 


— ogeSoher _faalconvaltement 


stn a StF canbe atzbutedta the final 
‘ement, ae shown in Figure 124, 


Asfal ements acount for Sot 
‘the fares, it iimportant that aes 
arselected that meet product design 
‘ondtons, mae the equred Sit 
target and are tested penadeally to 
ensure functonaty. The IS mustbe 
‘ntonally tested wth proo tests 
ofeach device on aperedcbas, 

Ss determined necessary during SL 
‘erification analysis tomaintan the 
requted S-lvlforthe i throughout 
theifeyce ofthe instalation. Aproot 
testforafinal element veulinchde 
‘eal epectonand verison osafty 
futon ach include afullalve 
stokeand ma)alo inde averifcation 
ofsatetytme and vabeleakage. «| 


12.7 Partial Stroke Testing 


times, the duration between prot 
testing ot dealy abgnedth 
scheduled shutdown or maintenance 
‘sade, To avoid shutting downthe 
Process for estng bypass around 
{hefinal elementan be used; however, 
testing with bypas potential leaves 
the process unprotected inthe case 
cofsaety demand, An aerate option 
‘Stoeatend the proof testintervalsby 
ling partial stoke testing (PST) 


Partal stroke testing exercises the vale 
2 portion of total travel to very tt 
the vabels not stuck and uncover 
atheratherwse dangerous undetected 
fale modes such aval shaft. 
Scking valve packing sues, actuator 
airinelesues or other modes that could 
prevent the valve from moving ait ste 
Poston Inthe case of safety demand 


Theamountof ime a proof test 
Intent cane extended using parti 
stroke testing vanes depending on Si. 
target, test frequency, and amount of 
dlagnosticeverage aati between 
the flue rates detected tothe total 
faturerts) = 


12.8 Online Testing Methods 
for the Final Element 


Vale testing canbe done byinstaling 
a bypasvale around each safety vahe, 
By placing the bypasin service, the 
safety valve canbe fll stroke tested 
without shuting down the process. 
Inanattemptto eliminate the 
operational, economic andregulatry 
probleme astocated with bypare 
testing, other methods were developed, 
Mechanical iting travel methods 
Involve the use of sme mechanical 
device suchas spin, avavestem 


coll, 2 valve hand ack, et. thatwll 
limit the valve travel to 15% ores of 
thevalve stroke 


‘The pneumatic test panes method also 
zor apinto engage before pata vel 
test could beintisted, 


‘These online testing approaches have 
anumber of dlsadvantages Amar 
‘rawback to these methods thatthe 
Safety shutdown funtion snot avalable 
uring the test peed. ntact. the 
process eft totally unprotected while 
the tests in progress and fr same 
Sess and industries his peo testing 
lallnat be accepted. Asoo concern 
the posit f the safety valve bing 
Inadvertent tin the bypass poston 
after testing othe mechanical lock 
‘Sepin isnot removed after testing 
‘complete This woudleave the process 
totaly unprotected unl such ume 
astheertoris dscovered.Inadtion, 
these testmethods allhave a dainte 
‘kat spurious shutdown tps cused 
bytesting Another drawback sthat 
the testing process must be manualy 
‘nttedin the eld andthe teste 
themes are extremely manpower 
Intensive and subject oer. © 


12.9 Digital Valve Controller 
Use for Partial Stroke Testing 


Dig vabe contoersare 
‘ommuniating, miropracessor- based 
‘urentto-preumate instruments with 
Internal logi capably. naddtion to 
the tradtonalfunctom of converting 
current signal apressuesignalto 
‘operate the vale these dial valve 
‘ontolers ue HART communiestions 
rotcol to gue easy acess to 
Information ential ta safety esting. The 
<ighalvahe controler recehesfedback 
‘ofthe vale trav! postion lus supply 
land actuator preumatie pressures 
‘Thisallows the dal vale controler 


to dagnose the heath and operation 
fee nd the valve and actuator to 
teheh te mounted. 


Partal stroke testing cons the 
valve warking without disturbing the 
proces Since the entire test procedure 
an be programmed into the dal 
vale contol, part stoke testing 
anbe performed automaticaly. This 
Silos the test terval tbe as short 
enecessry (hourly, daly, week 

ft) to meet thetarget SI alues. The 
bperatoe can manually initiate the test 
byasimple button push, however the 
testing sequence sls completely 
toma thereby eliminating ary 
frersand possible nuisance ips, and 
the aboresptal ost of eonventona 
testing schemes. theresa safety 
demand during the partial stroke test. 
the test lle aborted ndthe digital 
‘ale controle wil ve the vahe tots 
teste 


Typical the pat stroke test moves 
thevale 10 rom ts orginal pasion 
buteanbeup to 30% allowed by plant 
safety guidelines, Although part 
Stroke testing doesnot elrunatethe 
need orfullstroke testing (al stoke 
testing is required to check ave 
Seating, etc) does reduce therequlred 
fulstoe testing requency to thepoint 
whore can mostly be tested during 
Plant turnaround. 


‘Addinga dgtal valve conlertoa 
Safety istrumented system can educe 
base equipment cost, testing time, and 
‘manpower requirements eliminating 
the need or expensive pneumatic 

test panel andklled personnel for 
testing Using dtl valve conser 
‘can provide complete documentation 
Df any emergency event aswel as 
‘documentation ofaltesting, hich 
‘could be made salable to nsurance 
ompanes spoof of testing tealso 
Slows or caniguration of remote 
testing, which cansavetime by educing 


‘therequlrement for maintenance 
Inspection tips t the id. The safety of 
‘lant personnel canalso be nceasedby 
‘hmanating the need fr plant personnal 
To gotothefeldtortestng. = 


12.10 High-Integrity 
Pressure Protection System 
(HIPPS) 


High-ntagity pressure protection 
systems (HIPS) are pata the salty 
{nstrumented system and designed 

tw prevent overpressure. Compated 
lth canvetional ystems fr pressure 
‘elie he the use of mechanical ele or 
“fey ales, HIPPS work by shutting off 
the source and capturing the pressure 
Inthe upstream se of the system, 

thus providing arte between the 
‘igh pressure and low pressure sides of 
production fact The tight stot! 
‘reve downstream ahage and 
lminate fugitive emissions. nthis 
equa, HIPS areseen asthe last line 
of defence” 

PPS fran economical Wel 

{8 ensvonmenta friendly sotto 
‘compared wth conventional rele! 
Systems. Figure 125 shows atypical 
HIPPSina configuration set to mec iL 
a 


12.11 Functionality of the 
HIPPS 

Like the ia PPS typical consists of 
the following devies nd functionality 
Pressure Sensors: Thre india 
‘Presse sesorsonthe upstream ide 
tthe HOPS, etn seting struct of 
outof 32003), wil ge the operator 
‘nalabltyfthesystem + relabityto 
Support the Si 

ogleSolver nthe cae that wo out 
oftvee (2003) sensors measure a 


pressure higher than defnedllowed, 
the lol solver wil shut down the two 
Final elements and an aloe sant othe 
‘conta room. 

Final Elements Two alton vals, In 
series (002 arrangement) tpronide 
Fedundancy and enhanced safety 
Ineegty. = 


12.12 Testing Requirements 


Tosnaure the HIPS wil meettherequred 
SiLthroughout these Haye ofthe 
instalation, testingylneedto bedone 
‘nthe diet elemants 

Pressure Sensor: Pressure sensors 
tallneed tbe taken out of service 
fortesting, but asthe configurations 
2003, ts posto sola sensor 
Fortestingand maintain thesame 
redundancy provided the vtinginthe 
logl sors changed rom 2003 to 
1002. Tiss often doneby an interlock 
system, providing asigaltathelogie 
falvertata sensor at for testing. 


Logie Solver Logic savers recften 
working witha dul processor and 
Constantly unin sel-aghostis. 
Shoulda fare be detected. canbe 
Sto ether shut down the fia element 
traits redundant logisler 


Final Control Element: The governing 
standards for safety instrumented 
systems state that plat operators 

must determine and docment tat 
equipment designed, maintained, 
Inspected, ested, and operatedina sae 
‘manne. Thus itis imperative that these 
Component ofthe efety instrumented 
system be tested requetiy enough to 
reduce the FD and mest the target 
SIL:Afullstoke or roo test wllneed 
tbe done with ase of tervals, but 
lus tothe nature ofthe text, thi oil 
need tobe done out of ere To 
‘ested the period between the proof 
test online esting he patial stroke 


=) 


ia aipacotenaen 


testing canbe usa odetect a far 
amount of falures plus ge predictive 
‘agnostic, allowing an operstor to ake 
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Chapter 13 


Engineering Data 


13.1 Standard Specifications _5.AI814140 c-Mo Steet: 
for Pressure-Retaining Valve Simro ASTM A193 Grade 87 balt 


Materials mani, 

Seesston 13.2oraddionl Lg an a 

‘pecans cose 

evra cas mmiere Congoon) 

1.cast carbon Stee ASTM A2TS tiecarseo 

Geadewee. Pena 

Tenpertrerang: 1 Ewes 
eSomre coma) SGcastern 

compostin(3): 1 hesarsiazs 


6: Forged3-1/2% Nickel Steel ASTM. 
‘A352 Grade LC: 


Temperature range: 
Tues SBD 


2. cast Carbon Stel ASTMA3S2 


Grade: Compaction 

‘ryan hoists 
pase eae 

caipas ae Seer 


Same ATH AZIG gale CE iekniesa 


Caton Steel BarASITONB.UNS >, cat crn teal ASTMAZS? 
d cdewee: 


Temperature range: 
Sie ses (201 11007) 


Temperature range: 
1 Potoazre (20896007) 


Compson (3: 


rere cones 
tumetseatrnstaguns stein 
_ ipuBe 
pa 

ee) 
coraini 


{Cast CeMo Stee ASTM A217 
Grade WC: 


Temperature range: 
30t9s85c(- ane 11007) 

Compaston (3. 

9. Forged Cr-Mo Steel ASTMLAIB2 

Grader 22: 


Temperature range: 
‘30t938mC(- 20 11007) 
Compaston (3. 


10. cast Cr-Mo Stee! ASTM A217 
Grades 


Temperature range: 
30t9 6-20 T2007) 
Compaston (3: 


11. ype 302talnless Steel ASTM. 
‘Aa79 Grade UNS 530200: 


Temperature range: 
Ise os (22540750) 

campotion 

hiadterao 

12. 1ype 3041 stainless Stel ASTM 

‘a7a Grade UNS S20403, 


Temperature range: 
254125 425408007) 


Composition 


13. cast Type 304 Stainless Stee 
ASTM A351 Grade CF3: 


Temperature range: 
75k 25 25408007) 


Composition) 


14-type316L Stainless Stool ASTM 17-Type 317 talnlss Stel ASTM 
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20. Type 17-4PH Stalness Steel ASTM 
|S 64 Grade 630, UNS 17400: 


Temperature range: 
zeta (2005507) 
Compastion (3: 


21. Type254 SMO Stainless Steel 
[ASIMIAA79 Grade UNSS31254: 


Temperature range 
2 1Sb SBP [25m 7500) 


22.Cast Type 254 SMO Stainless Stee! 
|ASTNARS1 Grade COMCUN: 


Temperaturerange 
1983850 (2517507) 
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23. Type 2205, $31803 Duplex 
Stalntse Steel ASTMVAA79 Grade UNS 
‘santos: 


Temperature range: 
SOW 716 5045007) 
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24. cast Type 2205, 31803 tanless 
‘Steel STAI A800 Grade a, CD3MIN: 


Temperature range: 
SOW T1650 8007) 


Composition (3 


25, Castlron ASTMAI26 Cass 8, 
‘Ns Fr2t02: 


Temperature range: 
2 2ele2irC 20.0d507) 


Ccampostion 


26.Cast lon ASTIMAI26 Class, UNS 30. Tin Bronze ASTM S84 Grade 
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Catan “31. Manganese Bronze ASTM BSS 
25m Grade UNS 5500: 


Fase, Temperature range: 
sete 7 (253500 


28, Ductile Ni-Reset ron ASTIN A439 
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‘ong comprnt TESS 
Se ete amr toe 
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irae 52 Cast Aluminum Bronze ASTANA 
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29,Valve Bronze ASTM B61, reas ee f25ta6007) 
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|33.Cast Aluminum Bronze ASTI 


37. Cobaltbase Alloy No.6 Cast UNS 
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40, N-Cr-Mo Alloy C276 Bar ASTM. 
18574 GradeN10276: 


Temperature range: 
ISEB ErC (251012507) 
Compaston (2: 
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41. NLCr-Mo Alloy CASTIA M94 
cam: 


Temperature range 
198 S3FC (25010007) 
Campostion (): 
Tor ISst6 15 
1 Nerds 


42. NLMo Alloy 82 Bar ASTM B35 


‘Gradew2, UNSNTO6S5: 


Temperature range: 
P1sb maz [25180077 


Compaston (3: 


43. Cast N-o Aloy2 ASTM AAD 
Nine 


Temperature range: 
Taso SHE (2254010007) 
campastion 


13.2 Valve Material Properties for Pressure-Containing 
‘Components 


‘The material codesin this tabl cocespond tothe Standard Speciation or Valve 
Mater stings in section 131 
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13.3 Physical Constants of Hydrocarbons 
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13.5 Physical Constants of Various Fluids 


isms | rr omca] cue em] 
nar | rem | tae free | Ste mel 
wr Be] | OF | oo [ee [ow 
‘omar | ae on 
oye Pens [eer mn 


Psa Castro Fad ceri 


See 
hws Fanmula |" \wsight fe iacae| at zor | Teme. |Presure [gat 
st | toot | OP |) | | om 
Lasalle) sear | ons 164 
ca oa aaa [ae [ar 
"aor ver foe | on [om | ve | ome [rae 
Lo al as sear | ae | asz | as | sor | ozo | rar 
se [exo | oom | uo on | zoe 
Ea E 
Cs a [ae 
Teoaaoe [ea [eae | ae Tar 
oe va 


Psa Catania cen 


fetes | apr | cat] concn [Srey 
ad | room |Meat [rt etc al om | mes bo 
wo rea P|" [| en 


13.6 Refrigerant 717 (Ammonia) Properties of Liquid and 


Saturated Vapor 
rere ccm, | gery 

Pa cs 

" 
ee) ce 


eigen 717 (rani Ppt iguana penis 


Ff tame ounaty | ena xy 
one ene |omicwy | uy sue 
m 

[tamer fan 


gent 717 (rani Pope ia strat percent 


a tue  ounaty | ena xy 
ene ent |omicwy | uy sue 
m 

[ta [nov fan] gain fae at fer 


eigen 717 (rani Ppt ia Strat peri 


a tue banat) | ena xy 
ene ene |omicuy | uy sue 
m 

oe a ee ee) 


igen 717 (rani Ppt iu Strat percents 


Fe tame ounaty | ena 
ene ene |omicuy | tury 
m 

on Se ee) 


eigen 717 (rani Ppt iu Strat Verein 


Fe tame oenay | ean up 
ene Jentey fomteney| rue sue 
m 

[iano fan nas 


eigen 717 (rani Pope iguana pectin 


a tue  ounaty | ean apy 
ene ene |omicwy | uy sure 
m 

oe a Se ee ee 


eigen 717 (rani Ppt ia Strat per etis 


tue ounaty | ean uy 
ene ent |omiewy | uy sure 


[ta [nov fun] gain Per ut fer 


13.7 Properties of Water 
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13.8 Properties of Saturated Steam 
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13.9 Properties of Superheated Steam 
«specie volume, cubic feet er pound hg = total heat of steam, TU per pound 
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Chapter 14 
Pipe Data 


14.1 Pipe Engagement 
{Length of tneadon pipe to make tight joint: 


nininge | onenion’ | rental | aimed 
‘Setiches} | nc) | Seeds) | meds) 


14.2 Carbon and Alloy Steel - Stainless Steel 
\dentcation, wallthickness and weights ae estracted from ASMEB36.10M and 
286 19N The naatone STD. XS, nd ¥XS indeate Standard Extra tong, and 
Double tra trong pipe, respecte 

“Transverse internal area values stein "st" als represent volume'in cule feet 
pecfoot of pipelenat 
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14.3 American Pipe Flange Dimensions 

14.11 Dlameterof ol Crees 

inches per ASHEN, 8165, an 81624 
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143.2 Number of Stud Bolts and Diameter 
Ininches per ASME 8161,816.5, and 81624 
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14.3.3 Flange Diameter 
Ininces per ASME 816.1, 8165 and 816.24 
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14.3.4 Flange Thickness for Flange Fittings 
Intnches per ASME B16. 1,816.5, and 81624 
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14.4 Cast Stee! Flange Standards 
14.4.1 Cast Steel Flange Standard for PN 10 
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14.42 Cast Steel Flange Standard for PN 16 
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14.43 Cast Steel Flange Standard for PN25 
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14.44 Cast Steel Flange Standard for PN 40 


a a 
| ste [teins [tire [Sea | teomes [pie 


14.45 Cost Steel Flange Standard for PN 63 
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14.47 Cast Steel Flange Standard for PN 160, 
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14.4.9 Cost Steel Flange Standard for PN 320 
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14.410 Cast Steel Flange Standard for PN 400 
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Chapter 15 


Conversions and Equivalents 


15.1 Length Equivalents 


15.2 Whole Inch to Millimeter Equivalents 


15.3 Fractional Inch to Millimeter Equivalents 
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15.4 Additional Fractional Inch to Millimeter Equivalents 
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15.5 Area Equivalents 
Per paced poe earns 


15.6 Volume Equivalents 
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15.7 Volume Rate Equivalents 
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15.8 Mass Conversion-Pounds to Kilograms 
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15.10 Pressure Conversion-Pounds Per Square Inch to Bar 
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15.11 Temperature Conversion Formulas 
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15.12 Temperature Conversions 
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15.13 API and Baumé Gravity Tables and Weight Factors 
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The relation of Degrees aumé or APL, to Speci Gravity expressed by the 
Folowing formulas: 


* Forlqulstghter than water 


140 140 
Degrestaumé= 1-130, Ge 
mis 1s 
deyeesari= ME 115, G+ peg 
1 Forlqulds heavier than water 
45 145 
Degrestaumé= 145-HE Ge 


= Spectc Gravy ratio of the weight of agiven volume of eilat 155°C (60F}t0 
the weight ofthe same volume of water at 15.5 (607). 


‘The previous tables are base onthe weight of gallon (US) ofl witha vlume 
1231 cubic inches 155°C (60°) naa 760mm pressure and S'Shumid- ty, 
‘ssumed weight oft gallon of water at 155°C (0) nals 822828 pounds, 


Todetermine teresting gravity by mixing ls of diferent graves 
md, +n, 


spe 


1 D= Density or Specie Gravty of mixture 
1 m=Propartion ofall, density 

1 n= Proportion olla, densty 

= Specie Gravy ofa 

1 d,= Specie Gravity ofall 


15.14 Other Useful Conversions 
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15.15 Metric Prefixes and Suffixes 
aan ace Pe aa 
aoneona0 10" ae = 


“oldpage numbers inate tales, ze puge number indicate nage and dag 


A Mange ameter 33,314 
accessory 23 fates rng tg 314 
ee ATL rubra studbols and darter 312 

sembly 26 er 

lapvagn 77,78 “American Socet for Testing and 

iectating 20,77 Materials (ASTM) 26 

oublating 26 American Society of Mechanical 

dete 7,80 Engineers (ASME) 21,193 

fee caelins 126 analog IP postioner design 

ain Srepeatoner 

ania angle valve Serva 

pares ANS! See mein ans tandeds 


epee approval cetandods 


satin [ASME See Arian Ss for Mecha 


soy va ASTM Se Arica Sector Testing ad 
dobe va 123 tere 
retary tae 126 AEXratings 204 
soring 18 attemperator 171 
‘etn an phagr 12,185 ORO ee er 
force 18 8 
‘actuator andpostioner design 3o backlash 28 
Alleakage, Instrument seeiszument Ball 
ful23 


alrqualty, 


allowable sizing pressure drop 


‘American NatlonalStandardslnstiute 8h 2458 127 


(ast) 25 barstock valve body se 

‘American Petroleum tnsttute(APY) Baume and AP gravity and Weight 

20105 factors So Areca ate 
gaity adcghtlatos 335,336 bellwsseal bonnet Soba 


‘American Pipe Flange Dimensions 311 bench et 25186 
dametr lb cies 211 sesingfrce 187 


‘ode diagram 25, 
bol, tightening 78 
bonnet 18.65 

assembly 15,19 

allows sa 1,18, 65,67 
booster ser lene booster 
bottom flange 12 
bushing 9,21 
buttery valve Seva 
bypass valve Seve 


€ 
cage 19.75 
charset 7475 
equslpercertage 19 
cagestyle 
ae bay 55 
‘aealating Cv 113,117 
calibration 
‘capacity 25,28 
«ase, dlaphragm Seda 
‘autation 128,120,153, 158 
choked Now 128 


CEN See areas Commitee or 
‘Stadion 


characterise Sh caster 
characterization 73 
characterized cage Seecage 


characterized valve pg 75 
check vale Seve 
clearance flow 25 
dosed loop Scio 
closure member 19,21 
coeficents, slang Sing 
contrat 

range 28.46 
control valve Seva 
conventional disk Seis 
conversion 
conversions 

epee 332333 
cexyogenicservice valve Stave 
customized characters 155 
oflinder Seis 


> 
ddeadband 237,28 
dead time 29,40,42 
esuperheater 

fed geometry rae 166167 


ination 163, 
istlaton 162 


second dein 167,168 


spreypenettn 165 lectrcal equipment Sorption 
ewan 168 lector actuator ear 
esata 168 enclosure rating 27209 
\ailegearyrcd 167,071 end cannetions 62 
esupeheating 10,154 belted inte ange 62.64 
agnosis Septet other 65 
laphvagm 12 scm pp heads 2 
eur 1.7.78, 182 nde 4 
ene 13 engineering data 250 
inet premiering 25 nthalpy 25.276 27,278, 279,290, 28 
ple 20 {ntropy 23,276 277278 279,260 28, 
resp 25 me 
eas qua percentage Sow rcs 
Penis equation constants 11 
ine 13 Equipment Protection evel 4) 20 
tal valve controller 5.55. 89.54, SANE 
ere (actin nilintr 326 37, 
‘wey tal cammuaion 85 = 
Aimesions Seatac Bere 
iret acting actuator See ststr ee, 
ai te Che 39 
double acting se sctistor lh iter 325, 
ouble ported vale sesshe asec eeauee 
ynaric ‘Standardization (CN) 13 
aie a European lange Standards 194 
se Sto European Industrial Valve Standards 
European Material Standards 18 
. European Union EU) -ATEXDIrective 
2ova)aaje 200 


ceccentre dk Seva lac ease 


Seemieyes say extension bonne Se bomst 


fective area 25, 
sectrc actuator So attr 


F Aashing 125,123 


face-to-centertine dimensions holedowenuses 128 


flow characteretle 26 


face-to-face dimensions 
lutolsend,gbestylevahes 10x toed 155 
Mangedand angeles rlryvales 05 funy response 2 
Mianged lokeatlevles 100,101,102 nha 26.20 
high pesunebutterysabeswithefiet ntl 25,37 


serene gabe styles 104 


mated parable 27 
sepa ang. lobe stele 105 


‘gkopening 2 


single lunge and angele buterly ‘eeetone! 109 


Cees 1, oon 6 
tales mt 
faye meet 
taste 20 cote) 2.74 
= x 

ete fusing 9 

‘ec eau 


Fd See isi Coto tite 
feedback 
entlogp 17,1 


freon 50,3124 125,138 139,182 
Fughtve emissions 65 


fina control element 29,252 G 

fistorder 29 gain 3, 

fixed-galn Se poston inheret sae 31 

fixed-geometry nozle isla 31.45, 

flame-proof 193,200,205 proces 32 

flange 311,313.314 gate valve Serve 
led gated 3,64 lobe valve 20 5,123 218.215.2168 
sepuable 2 geste 36.57 

angeles valve Sevahe te ral 


single pot 35 fou chraceritie 25. 
those 20.58 vale gun 31 
‘raphite packing Sepang Inline aiffuser 123 
Insertion style Sr desuperbster 
H Instaliation 
Eases teceigues 7 
Installed 


silermeunted 97 


Pendck Saphagmpreae range 25 
hazardouslocationlasification 90 “hesnn 3145 

prov deltas 195 tennant 

clasa don sper 196, sean 

surety 198 esure 31 

neueaan Instrument Society of America (ISA) 
gh-apacty valve Sevave a oe 
gh pressure valve Sere Commission (EC) 195208 
bgh-recovery ave er whe speoue sags 207 
hlgh-temperature valve Sevshe ——Intrinsesafty 109 
{PFS (bihotegty pressure eine 205 
eetaction any) F122 1 (curtentto-pneumate) 3.85 
bunting 20 ander 97, 98 
ttydrocarbons.physcalcanstantsof 164 snr Soy of aca 
Damm 2s ie sh 
tnydrodynamvc note prediton 
Seenate L 
frydrori Sein Fength equivalents cuales 
hysteresis 30 He switches 23 

tear 

1 cage 1978 
{EC Se meats ete haste 31 
Conasin Unearity 31 
IngressPrtection (codes 209 oadng presse So pesise 
Inerent Joop 28.2, 108163168 

haat 30155 sed 28,49 


dlapragm resurerange 26 sent 


Ioeflow valve Sete ‘askin sarah 

loerecovery valve Ser ae ee 

u Merton 152 

smalotenance sent 12 
sett 185 Prsicion 130, 


soya 120,122 
eda 32,135 
non-destructive test procedures 157 


Path Spent rt eaiton 


preetve 180,189 


stot Seestator rage pti (lace) exarnain 


ear Sechaba uw 
Manufacturers Standardzation ‘asgshiioumetie) examin 
Society (MSS) 125 8 
Weare vei exertion 168 
esgnatons 141 non-electrical equipment Seprcecon 
dee 20 rorlncendive (or Type technique 


oneal eres 147 
‘om-intrusive diagnostics program 


‘ale bay 19,268 269, 
‘non-metalic material abbreviations 
maximum low rate Soy ate i 
‘maximum rotation 127 rnormally-closed valve Seine 
metic prefixes and suffixes 228 ‘armally-open valve S>s-open 
Imlcroprocessor-based postioner ——ngzte see desmhenter 


ruler service Serie 
sdfied parabolic Seow curate 


N ° 
Occpstona Saft and Heath 
Naina AsocationofCoroxon Adminstration OSHA)" 
EA Oe eset 
INACEMROTT5 159 offset valve Serve 
Pez eeiomctnnceanorns yt aPenoop 31 


atonal lectrcal Manufacturer's erating medium 2) 
‘Assodation (NEMA) operatvelimits 31 


OREDA data 255 
Pp 
packing 21.22.68 


one 20 

ENVIROSEAL dies 71.72 

ENVROSEAL apie 71.72.73 

retin 126125, 

pope ben 73 

'50-Sea rape 73 

lass andere rghit 6 
Serrtry bes 73,74, 138 139 


fers stomsales 73.7417, 


partial stroke test 39,254 255,256 
parts 

performance test loop 26 

loch valve Seva 

plpedata 502 

plpeengagement 303 


plpethreads, screwed Seeend 


piping geometry factor 112.17 
piston 21 
sett 21,7879 
cylinder 19 
cylinder cles sel 19 
doubling 78 


lug gulding sah ping 
pneumatic positioners yastonat 
port 21 
ort guided valve Seah ae 
positioner 22,53 

ansiog P85 

Sita vabeconroer 85 
postion transmitter 92 
post-gulded valve see 
predictive malntenance 180,181 
pressure 

spies 330 

ong 20.31 

sup 3,181 
pressure drop 


ressuretemperatureratings 142, 


preventive maintenance 180 
process 

conte 27 
properties of 


land saturated ape 296277, 
275 278,250 261, 282 283, 


‘stuatesteu 264, 285,286 267 


288, 280,290,291 202 293 restricted-capacty tim 75 
petgscey 2.296 25.296 retaining 2 
ioe reverse-acting actuator 21,2277 
reverseflaw 24 
protection 177,123 
poeta Flng-sye attemperator 171 
rod end bearing 2: 
pment tection Level) 201 2 
rotary actuator staing 125 


eel 201 
on lectcaleipmen 200 rotary valve Srv 
tecnigue and meth 205, rubberboot 21 
push-downto-lose (PDTC) 
‘onstruction 27 5 
push-down-to-open(PDTO) = 2 
mt Seley sameness (5) 
fralcnoleorent 252 
Q logiesoher 252 
uleopening Se flowchart partsoketet 69 
‘sty unetan nd prod eifeton 
R sero 252 
radeand-ploionactustor 79 lez 
range 2628.32.46 Sfety integrity Level (St) 253 
rangeabilty 27 saturate steam properties 284285, 
rated 286 287298288 290 791,252 293 
Acer 27 seal 
teal 27 hing 21 
reacvemalotenance 180 sinderdoure 19 
Aetigerant 717 (Ammonia) 276277, fd 2 
27a 7,280 81,282 783, siding 25 
relative ow coefident 27 seat 21 
relay 22 age 27 
dite 181 state 108 
repeatability 2 slafaton 107 
resolution 32 boa 2,128 
epee fence 124,107 


responsetime 32.41.43 


seplacent 5 slding-stem 
seg 22 pacing Spacing 
second-order 32 ihe ae 
segmented all Soho solenoid valve 92.4 95.20 34 
selection sean 2. 
contre 100 spareparts 152 
fw racers 08 specicheatratio 27) 
pacing seeping splitranging 2 
shat bcs 120 im 
‘valves for Mashing service 129 peed re 
esr aing eve 1 song 
senstivity 32 ctr 22 
separable ange 22.105 es 
setpoint 2 spring-and diaphragm Sx acse 
shaft 25 standardfow 25 
intup 22 standards 192 
shutoff value (50V) Sovabe cette anges 316 
side-mountedhanduhes! cen a 182 
sonal 33 Ciropeaintilvabes 13 
rote suring planing) pean uti 198 
teedick 29 fie ein 
allencer 135 salty 253 
stngle-actng postion 6.85 sarap i si 
slog portale She ite 
slang 237,98, 108 ft 2 
ableton 118 oon20 
seniors cobs 22 
forgbevabes 12 _steamattemperstor 17 
(ory ahs 125 steam codionlng vale 16,70 
conc arabes 121 tontese Wile 
cinictternianyais 2 
bevel ‘connector 22 
eco ad 116 
ating 
fertgs 12 pelea 
sliding sal 25 Pras 


slide stress cracking 157 ree abatement 155 
superheated steam properties 252, reac apacty 76 
294-295, 296,287,296 29,300,501 soled 22 
supply pressure 33.2181 wade conseatons 185, 
swing check valve Seah wp 
pte 95 

ai vale 96 
ge trunnion mounting 25 

turbine bypass 

prea sexuaon 173,178 


cexveson 332.333 scmponents 172 


tevin ler 392 sptem 172 
ete vale 172,172 
en dettve 17 {two-stage positioner Spots 
ni ats 255 ‘two-way digital communication 
pti robe 9,255, 255 ‘Stott 
peter 36 u 
siStessngrequtenerts 257 unbalance 123 
three-way valve seeahe amie 26 
‘ime constant 32 foe 12 
top-mounted handwhee! state 22 
Serhanee upper valve body Serve 
torque 
eth 26 ~ 
i validation 120 
sui 125 Mees 


actos ttry sales 127 
transducer, PS? 


angle 18 
travel 2,157 semi 29 
levi 181 ba 6,2, 178,222,223 
‘aed 27 by 22.23 
trim 22.33 57,12 cspacty 28 
foruhing eo, cette 179 nae 58,106 23,224 


igh peformance 61127 pach 222 
bypass 172, 173,218,221 hug 23 

cagesile 56 characte 75 
check 13,217,218 218.21,212233, —_poandportgued 56 


234 235 236237 258, 
cenvertnal ik 26215 


protection 177,199,201 


spon 153 rotary 24 
lapvag 221 sary 58 
stagnate 222 


set 125,130 
sialpnt 35 Selabevae 
sing ter 17,1. 80,137 
solerid 85,9495 281 
spec 13,150,152 
Mangels 24 ands Soest 


vwetype 222 
oublepnt 57 

cen dik 24 

secomneton Seen enection 


heieinalgd steam condoning 10,170 
functonsandshvactsesteminogy em 3 18s 
sn 30.31.45 soe 177 

caberet 31 se a5 

mast stig check Seve chek 
sate 201.22 eee 58 
shbe Ste abe el 3,187 
igheapacty 151 a 
hahiecvery 26 Sainebypas 172 
hihtempertre 153 meagan 
bene Veen 26.55, 127 
pane valve body Seva 
tre 176179 valve plug guiding 75 
tris Sera ageing 78 
rrp 2.63, 224 pore guing 78 
romy-dsed 27 top andbttrngiing 78 
tennabyopen 27 valve sizing 109 
cea 156 forcmpresble ids 116 
fit 20 forigade 112 
pking Ser king vena contracta 27,122 


pvlarmance 34, 38,356 vent aifser 123 


‘notch bal ene 
volume booster 23,88 
volume equivalents 325 
volume rate equivalents 325, 


w 
wafer 106,221 

geometry ated 168,160, 
welded end connection 1 
‘wireless position monitor 53 
wring practices 202 


yoke 23,78 


2one system 197,202,203 


a) EL 
Appendix 


Additional Resources 


Sourcebooks 


Insure and te paces fetal ae ae, 
Pulp &Paper Applications 
Power Severe Service Appleton: 


(Chemical Applications 
Refining Applications 
(lL eas Appletions 


Technical Documentation 


Valve Sng 
Actuator Sing 
Alireduct Bulletins 
‘Alintrumentation insttin Manuals 
‘AllVale Actuator instruction Manas 
_Allifecyle SerWces for Vahes, Actuators, instruments 


White Papers 


Benet of Lnkageles Non Contact Feedback in Digital Postoners 
Valve Sourcing Has Gone Global. Should You Cae? 
Using Acoustic Emissions to Determine Vale Seat Leakage 
‘Trends Changing Valve Contralin the US Power Industry 


Other 


Download Vale Specification Manager 
Pore tatiana ae srg ena 


Watch instructional Product Videos 


Subscribe to Communications 
Sup lore mene so ie nde feat ecg. 


Viet Fhercom 


